
This is a digital copy of a book that was preserved for generations on library shelves before it was carefully scanned by Google as part of a project 
to make the world's books discoverable online. 

It has survived long enough for the copyright to expire and the book to enter the public domain. A public domain book is one that was never subject 
to copyright or whose legal copyright term has expired. Whether a book is in the public domain may vary country to country. Public domain books 
are our gateways to the past, representing a wealth of history, culture and knowledge that's often difficult to discover. 

Marks, notations and other marginalia present in the original volume will appear in this file - a reminder of this book's long journey from the 
publisher to a library and finally to you. 

Usage guidelines 

Google is proud to partner with libraries to digitize public domain materials and make them widely accessible. Public domain books belong to the 
public and we are merely their custodians. Nevertheless, this work is expensive, so in order to keep providing this resource, we have taken steps to 
prevent abuse by commercial parties, including placing technical restrictions on automated querying. 

We also ask that you: 

+ Make non-commercial use of the files We designed Google Book Search for use by individuals, and we request that you use these files for 
personal, non-commercial purposes. 

+ Refrain from automated querying Do not send automated queries of any sort to Google's system: If you are conducting research on machine 
translation, optical character recognition or other areas where access to a large amount of text is helpful, please contact us. We encourage the 
use of public domain materials for these purposes and may be able to help. 

+ Maintain attribution The Google "watermark" you see on each file is essential for informing people about this project and helping them find 
additional materials through Google Book Search. Please do not remove it. 

+ Keep it legal Whatever your use, remember that you are responsible for ensuring that what you are doing is legal. Do not assume that just 
because we believe a book is in the public domain for users in the United States, that the work is also in the public domain for users in other 
countries. Whether a book is still in copyright varies from country to country, and we can't offer guidance on whether any specific use of 
any specific book is allowed. Please do not assume that a book's appearance in Google Book Search means it can be used in any manner 
anywhere in the world. Copyright infringement liability can be quite severe. 

About Google Book Search 

Google's mission is to organize the world's information and to make it universally accessible and useful. Google Book Search helps readers 
discover the world's books while helping authors and publishers reach new audiences. You can search through the full text of this book on the web 



at |http : //books . google . com/ 



Transporta^op 

Library 

TF 

b'b-l 








ON THE 



RESISTANCES TO RAILWAY TRAINS 



DIFFERENT VELOCITIES. 



WYNDHAM HARDING, Assoc. Inst. C.E. 



WITH AN ABSTRACT OF THE DISCUSSION UPON THE PAPEB. 



EXCERPT MINUTES OP PROCEEDINGS 




OF THE 




INSTITUTION OF CIVIL ENGINEERS. 










■^4 

^ 


LONDON. 




s 


.'" 


1846. 





LONDON: 

Printed by William Clowxk and Sons, 

Stamford Street. 



INSTITUTION OF CIVIL ENGINEERS. 



r> 



May 26ih, 1846. 

Sir JOHN RENNIE, President, in the Chair. 

No. 743. " On the Resistances to Railway Trains at different 

Velocities." By Wyndham Harding, Assoc. Inst. C. E. 
When, in the early days of railways, the fact was established, that 
velocities which appeared marvellous were daily obtained by railway 
trains, the following questions presented themselves, and became 
4" of practical interest : — 

\ What were the resistances experienced at these high velocities ? 

x> Were they solely those due to friction and to the gravity of the train 

^ when ascending an inclination, which experiment showed to be 

-^ independent of the velocity of the moving mass, or were they 

resistances, which varied with the velocities, and if so, from what 
^ cause did they arise, and what ratio did they bear to the velocity ? 

li The introduction of a smooth iron rail with an iron wheel 

' running upon it, bid fair to reduce materially the surface resistance, 

which had hitherto been the retarding force most felt in the traction 
) of wheel carriages. But it was clear, that a railway train impelled, 

as it was, by the action of a limited quantity of steam (a vapour 
used at an elasticity only about five times that of the air) would still 
have to encounter a formidable resistance from the atmosphere, the 
resistance from this cause making itself seriously felt in the motions 
of all bodies passing through it, and increasing rapidly with the 
velocity. 

The existence of this retarding force was, of course, not over- 
looked by the engineers engaged in the working of railways and the 
development of the new system of locomotion ; but their attention 
was absorbed by the more immediate difficulties which they were called 
upon to encounter. 

It appears that Mr. Herapath, in the * Railway Magazine,* of May, 
1836, was the first writer who drew attention to the practical effect 
wliich the resistance of the atmosphere would have upon railway 
trains moving at high velocities. He gave, in that publication, a 

A 2 



4 RESISTANCES TO RAILWAY TRAINS. 

table founded, not, it would seem, on experiment, but, to use his 
own words, " on deductions from physical principles, showing a com- 
puted arithmetical value of the retarding force in lbs. at various 
velocities." 

So far as the author is aware, no recent experiments were at that 
time extant, on the resistance offered by the air to bodies moving 
through it, and the experiments recorded by Hutton and Smeaton 
were not altogether satisfactory, especially at high velocities. 

It was thus a matter of much importance and interest, to measure 
and determine the value of the resistances, whether from the air or 
other causes, which exhibited themselves in railway trains moving at 
various velocities, and with this object in view, the following series of 
experiments have been made by different persons. 

I. At the meeting of the British Association for the Advancement 
of Science, held at Liverpool, in 1837) the subject was discussed, 
when much discordance of opinion was found to prevail with regard 
to it, among the members of the mechanical section, which included 
several railway engineers. 

A committee was accordingly appointed to investigate the subject, 
consisting of Mr. Elennie, Mr. (now Sir John) Macneil, Mr. Locke, 
Dr. Lardner, Mr. Hardman Earle, and Mr. E. Woods, under whose 
superintendence an elaborate experimental inquiry was commenced 
in 1838, and continued during that and the following year. 

In the autumn of 1838 it fortunately happened, that the question 
of resistances to trains became the subject of discussion between 
Mr. Nicholas Wood and Mr. Brunei, on the occasion of the delibe- 
ration of the proprietors of the Great Western Railway, as to the 
expediency of altering the gauge, of 7 feet, to that of 4 feet 8^ inches. 
Mr. Nicholas Wood adopted a much higher estimate of the increase 
of resistance with velocity, than Mr. Brunei would admit. Mr. 
Brunei maintained that the results arrived at by the experiments of 
the committee of the British Association, and by Mr. N. Wood, 
were fallacious, adducing arguments (based on the modes of conduct- 
ing the experiments) to invalidate the conclusions to which they 
pointed, and explaining, that he intended to diminish whatever objec- 
tionable amount of resistance might be found, in practice, to arise 
from the passage of the train through the air, by shaping the front of 
the engine on a principle analogous to that of the bow of a boat. 

Accordingly, the committee of the British Association, in 1839, 
varied the modes of making the experiments, relatively to those 
which had been pursued in 1838, in order to check their first ex- 
periments, and to ascertain how far any of the objections raised to the 
mode of conducting them were of force. 
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In both these series of experiments, .the measure of the force of 
resistance was the known eflFect of the action of gravity on trains of 
given weight, passing over portions of railways of given inclinations. 
The results of these series of experiments will be given in the present 
paper, and, for the details, reference will be made to the printed 
Reports of the British Association, and to the tables therein contained. 

II. In 1843, Mr. Scott Russell undertook some experiments 
on the Sheffield and Manchester Railway, with the view of ascer- 
taining the resistances to trains at various velocities. The results of 
these experiments were communicated to the British Association in 
1844, but as the details were not printed, they are given in this 
paper, together with the general results, with the permission of 
Mr. Russell. 

III. In 1844 and 1845, a new and very satisfactory instrument, 
for measuring the resistances of trains, was aflforded in the atmo- 
spheric apparatus, erected on the Kingstown and Dalkey line. 

The resistances to trains indicated by that apparatus, are referred 
to in Mr. Robert Stephenson's printed Report on the atmospheric 
system ; this particular branch of the subject was also especially 
noticed in 1845, by Mr. Bidder, in a table of resistances, compiled 
from the experiments detailed in Mr. R. Stephenson's Report. 

IV. In May, 1845, the author made a few experiments on the 
inclined plane of 1 in 74 on the Bristol and Gloucester Railway, 
with a view to ascertain the resistances of trains in descending that 
incline freely. The details and results of these experiments will be 
given in the following remarks. These (it is supposed) are the only 
experiments of the sort which are at present made public, as to the 
resistances on trains running on a railway of 7 feet gauge ; all the 
other experiments named having been made on railways of the 4 feet 
8^ inches gauge. 

V. In the commencement of the year 1846, the author made 
some experiments on the Croydon Atmospheric Railway, the details 
of which will be given. 

VI. At the end of the year 1845, the Gauge Commissioners 
ordered experiments to be made on the railways of each gauge. In 
these experiments all the circumstances were carefully noted by two 
parties, independently of each other; they therefore afford the 
means of comparing the effect due to the water evaporated, under 
the known conditions, with the work actually performed in drawing 
trains at various velocities, from 20 miles to 60 miles an hour. 

VII. Mr. Scott Russell, in the commencement of 1846, made 
experiments on the trains of the ^South Eastern Railway, with 
Morin's Dynamometer. 

This beautiful instrument promises to supply the want so long 
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experienced by railway engineers, of a dynamometer whose indica- 
tions can be relied upon. 

The details and results of these experiments will be given in the 
present paper. 

The measure of the resistances in the series of Experiments I., II., 
IV. (tables A, B, and C,) is the effect of gravity in descending planes 
of known inclinations. 

In the series III. and V. (table D), the measure is the pressure 
on the travelling piston of the atmospheric apparatus, indicated by 
the travelling barometer, less an allowance fur the friction or loss 
connected with ihe travelling piston and its accessaries. 

In the series VII, (table E), the measure is the self-registered indi- 
cation of the dynamometer. 

In the series VI. (table F), the measure is the effect due to the 
quantity of water converted into steam (at a certain known pres- 
sure), acting in a locomotive engine of which the dimensions are also 
known. 

By the introduction of the atmospheric railway apparatus, and of 
Morin's instrument, engineers have recently been put in possession of 
two dynamometers, which promise to be trustworthy, whereby to 
measure the resistance to railway trains at different velocities. A 
comparison can, therefore, now be made of the resistances, measured 
by four different means. 

The experimental inquiries hitherto made (especially that by the 
committee of the British Association), have been useful in dissipating 
many erroneous notions, and valuable in inculcating sounder ideas 
on the question than previously prevailed ; but they have not resulted 
in the establishment of even an approximation to the value of the 
resistances due (under any conditions, favourable or unfavourable,) 
to trains of different dimensions and weights at given velocities, 
which is the practical point at which engineers wish to arrive. In 
this respect it may be said, that they have merely pointed to the 
general result, that considerably higher resistances are elicited at high 
velocities than are ordinarily assumed. It has indeed been the common 
impression, that experiments made on resistances, offered results so 
dis^cordant with each other, as to render it hopeless, that a general 
law for the increase of resistancess should be deduced from them ; and 
no attempt to do so has, it is believed, been hitherto made. 

The object of this paper i?, from this large collection of experi- 
ments, to present, in the simplest form, those results which appear to 
afford the means of measuring the resistances of passenger trains of 
different weights, running at different velocities, on a railway in good 
repair, with no fortuitous circumstances tending materially to affect 
the resistances. As it is thus only that we may hope to obtain a 



RESISTANCES TO RAILWAY TRAINS. 7 

series of facts from which we may be enabled to determine, experi- 
mentally, the law of the resistances. 

It is clear, that in an elementary inquiry of this nature, while the 
experiments must be made on trains running under ordinary con- 
ditions (that is to say, not on model trains or lines), it is at the same 
time necessary to exclude carefully all experiments made when casual 
circumstances, such as wind, sharp curves, unusual want of repair 
in the rails or carriages, affect the resistances: for the resistances 
arising from such disturbing causes cannot be expected to follow any 
law such as can be defined. 

It should be remembered, also, that all such fortuitous circum- 
stances as have been named, with the exception, perhaps, of a wind 
right abaft, will tend to increase the total resistance to the train, 
and it is necessary, therefore, in an inquiry into the resistances, free 
from such disturbing causes, to guard against assessing to such 
resistances too high a value.* 

On this principle, the different series of experiments just enume- 
rated, have been examined, and from them have been selected all 
those results (and those only) which are exhibited under the follow- 
ing simple conditions : — 

An uniform velocity maintained on a calm day ; 

On an uniform inclination upon a line free from sharp 
curves; the rails and carriages being in good working 

ORDER. 

In dealing with such a mass of figures as is exhibited by the 
various experiments which have been mentioned, some principle of 
selection must be determined upon, and it was conceived that the 
presentation of those results only, which are exhibited under the 
above conditions, would both simplify! the subject under considera- 
tion, and would assist in arriving at the general law of resistance to 
trains of varying velocities. 



* The author feels that the expressions, which he has made use of in refer- 
ence to *' ordinary " and '< casual " circumstances affecting resistances, may be 
objected to as being too yague ; he however hopes, that the terms employed will 
convey a definite meaning to the practical men, to whom this paper is addressed, 
and that they are therefore to be preferred to any attempt to define precisely, 
conditions which must vary in practice between wide limits. Such terms as 
" a railway passenger train,'' " a carriage in good repair," ** a calm day," and so 
on, are, it is true, far from precise, but they are intelligible to engineers, and they 
must be used in any inquiry into ** the resistances to railway trains," which is 
to be usefully applied in practice. 

t By only regarding uniform velocities, the correction necessary on account 
of the rotation of part of the moving mass of a train, viz., the wheels and axles, 
is got rid of; and as it appears, upon the face of the experiments, that the resist- 
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To show how great, even at the present time, when passenger rail- 
ways have been in use fifteen years, is the discrepancy of opinion on 
this question of the amount of resistance at various velocities, which 
may be considered an elementary point in science, as applied to 
locomotion, it is only necessary to state, that Mr. Brunei, Mr. D. 
Gooch, and Mr. Samuda (one of the patentees of the atmospheric 
system), diflfer widely from other engineers in their estimate of the 
amount of resistance at high velocities ; Mr. Brunei and Mr. Samuda 
having, in the inquiry before the committeeof the Newcastle and Ber- 
wick Railway last year, stated, that the resistance to an ordinary 
passenger train of 40 tons weight, on an atmospheric railway, would 
not exceed 17 lbs. per ton at 60 miles an hour.* 



ances increase with the velocities, the doubt is also got rid of, as to whether 
the mean resistance, which only can be ascertained in the case of varying velo* 
cities, is referable to the mean velocity or not. 

There are also other reasons for preferring, as measures of resistance, results 
obtained from uniform velocities to those obtained from varying velocities. 
♦ Extracts from Mr. Samuda's evidence, given in the case of the Newcastle and 
Berwick Railway, 6th May, 1 845. — House of Commons. 

Counsel. — Now, you have told me you could carry a train of 40 tons, 60 
miles an hour, as the maximum weight. Must you not have taken into con- 
sideration, and accurately considered, the resistance of such a train, before you 
could give such an answer with any degree of certainty as to its accuracy ? 

Mr, Samuda, — Yes ; I take it into consideration that which I believe lean do. 

Counsel, — What, practically, is the resistance for which you have allowed, 
when you take your train of 40 tons 60 miles an hour in this line 1 

Mr, Samuda, —On the level, I take it at 1 7 lbs. to the ton. 

Committee. — When you speak of resistance, you do not mean resistance of the 
atmosphere 1 

Counsel. — Of every resistance, from friction and everything. 

Mr, Samuda, — In a still atmosphere. 

Extracts from Mr. Brunei's evidence, given in the case of the Newcastle and 

Berwick Railway, May 7th, 1845.— ^House of Commons. 

Counsel, — You have heard a good many questions, I dare say, on the subject 
of the resistance of the atmosphere to the trains ; do you think there is, in 
point of practice, any great resistance at high speed? 

Mr, Brunei, — No ; not nearly so great as has been generally assumed. 

Counsel, — I suppose you have considered that subject? 

Mr, Brunei, — I have considered it a good deal, and examined into it a good 
deal, practically. 

Counsel. — And do you, in point of practice, think there is any great increase 
of resistance by the atmosphere, at high speeds 1 

Mr, Brunei, — I do not think there is any very rapid increase. 

Counse/.— Did you hear Mr. Samuda cross-examined on the subject? 

Mr, Brunei, — Yes. 

Counsel. — Do you think the resistance is even so great as is assumed by him t 

Mr. Brunei, — The general amount of resistance that he gave, is higher, cer- 
tainly, than I find it to be in practice. 
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On this assumption, calculations were made as to the tractive 
power necessary to be provided, in the case of the Newcastle and 
Berwick line, and Mr. D. Gooch, taking the resistance " to an ordinary 
passenger train,*'* on a railway worked by locomotive engines, to be 
18 lbs. per ton at 60 miles per hour, made this the basis of an ela- 
borate table of the comparative power of narrow gauge and broad 
gauge engines, laid before the Gauge Commissioners, and printed in 
the minutes of evidence taken by the Commissioners. Other engi- 
neers, as Mr. Stephenson, Mr. Locke, Mr. Bidder, and Mr. Scott 
Russell, have estimated the resistances of such passenger trains as 
were in question on the Newcastle and Berwick railway, namely of 
40 tons weight, at 60 miles an hour, to be upwards of 40 lbs. per ton, 
or more than twice as much as the former estimate. 

It would appear then, that the true amount of resistance to 
trains at various velocities, is still a question altogether undeter- 
mined. 

The inconvenience felt by the author from the want of this element 
of primary importance, in all investigations respecting the power 
required for railway locomotion, induced him to undertake the 
present inquiry, which, from the mass of figures to be dealt with, 
has proved laborious. Although at first sight, there appeared to 
be considerable discrepancies between the experiments made at 
wide intervals of time, and by different persons, yet when such 
experiments are submitted to the principle of selection which 
has been explainedf (page 7), so general and satisfactory an ac- 
cordancet is found to exist between the results, that the author pre- 
sents the facts, sifted by this simple process, and classified, hoping 
that the members will agree with him in thinking, that the means 
now exist of obtaining a far nearer approach to the true law of resist- 



* Mr. D. Gooch, in his evidence before the Gauge Commissioners, states the 
average weight of passenger trains on the Great Western railway, exclusive of 
engine and tender, to be 66 tons, which would be about seven Great Western 
carriages. 

t The principle of selection referred to, consists (as has been stated) in all 
the results (that is, the measured resistances) which are brought together, being 
obtained under the conditions of an uniform velocity maintained, on an uniform 
inclination, on a line free from sharp curves, on a calm day, the road and car- 
riages being in good working order. It must be understood, that all the results 
obtained under these conditions in the various series of experiments which 
have been enumerated, are brought together in the following tables and dia- 
grams; and that all that were not obtained under these conditions, are ex- 
cluded. 

J See diagram, sheet 1, which exhibits a combined view of the collected 
results of the different experiments, arranged in the order of the velocities. 

B 
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. ance to trains travelling at various velocities, tban has hitherto been 
considered possible. 

The different series of experiments which have been mentioned, 
will now be andlysed, reserving comment on the results until all the 
experiments have been given. 



l.-^JExperifwmts of the Committee of the British Association^ 
appointed in 1831. 

These experiments being printed in detail in the reports of the 
British Association of 1838 and 1841, it will only be necessary, in 
giving the results, to refer to the pages in those reports. This is 
accordingly done in the annexed table (A). 

In this, and in the other tables of experiments, given in this paper, 
where the resistances per ton are. shown, the experiments made with 
the same, or nearly the same number of carriages, are placed together 
in order to facilitate comparison of the resistances, as it is clear, that 
whatever resistance is due, in a calm, to the action of the air on the 
frontage of a train, must amount to more per ton* when the train 
consists of only one carriage, for instance, than when it consists of 
several. 

Keeping in view the necessity, which has been referred to, of 
guarding against estimating the resistances at too high a rate, it has 
been thought better, for the following reason, to exclude all experi- 
ments, in which uniform* velocities may appear to have been attained, 
on inclines, by trains which have started from a state of rest on such 
inclines. 

In eyery case hitherto examined, the uniform yelocity which may ap- 
pear to have been attained under such circumstances, is somewhat less 
than that attained on the same plane, when the train has commenced the 
, descent at a considerable yelocity ; it may therefore be doubted, if trains 
which may appear to haye attained an uniform velocity after starting from 
a state of rest (on planes on which the experiments have been made), 
may not really be travelling at a very slowly accelerating velocity, and 
as the lengths of such planes of one inclination do not enable this to be 
ascertaiiied with certainty, it has been deemed better to exclude such 
results. The same rule has been followed for similar reasons in analysing 
the other series of experiments on inclined planes referred to in this 
paper. 

The fol^wiog is a tabular statement of the inclined planes on 
which the enperiments of the (Committee of the British Association 
were made. 

* See note to p. 34. 
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On the Liverpool and Manchester Railway, "^ 



11 



Name. 


Length of Plane. 


Tnelination. 


the plane. 


Sutton Incline • 
Whiston Incline 


U mUe 
14 mile 


I in 90 
1 in 96 


Ibi. per too. 
25 
23*4 



On the Grand Junction Railway. 



Madeley 
Charlton , 
Besford . 
Crewe • . 



3 miles 21 chains 
3 miles 4 chains 
1 miles 31 chains 



1 in 178 
1 in 265 
1 in 330 



12-6 
8*5 
6-8 



Table (A) ehows the uniform velocities maintained, on different 
inclined planes, under the general conditions explained in the intro- 
ductory remarks (page 7), viz., on a calm day, on a line free from 
sharp curves, and in the absence of fortuitous circumstances tend- 
ing to affect the resistances materially. The particular circumstancs 
are noted in the column of remarks. 



II. — Experiments by Mr, Scott Russell^ in 1845. 

The first three experiments (XVI., XVII., and XVIII.), were 
made on the Sheffield and Manchester Railway. 

The inclination of the plane was 1 in 100 on the straight portions, 
and 1 in 118 on the curved portions of the line; the uniform velo- 
cities were taken on the straight portions of the line. 

An experiment (XIX.)* is added with an ordinary passenger* train, 
preceded by the engine and tender, descending the Croydon incline. 

The following tables show the times taken in passing every ^th of 
a mile. The carriages used in the experiments, were ordinary second 
and third class carriages, mounted on four wheels of 3 feet diameter, 
and the bodies of the carriages were about 14 feet long. 

The area of frontage may be taken at 60 square feet. 

The locomotive used in experiment XVIII. was an uncoupled 
passenger engine, with wheels 5 feet in diameter ; the weight, with 
water, coke, &c., was 144 tons ; the area of the frontage was 48 super- 
ficial feet. 

Tbe tender had 4 wheels, 3 feet 6 inches in diameter each; the 
tank was 14 feet long ; the weight of the tender empty, was 4 tons 16 
cwt., and when full, 8 tons 12 cwt. 



* Extracted from the Reports of the Committees of the British Association, 
p. 238, Report 1838; and pp. 206 and 268, 1841. 
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JSxperifneni XVI. 

Load: four carriages unloaded, weighing 14iton8. The carriagies, it^iUbe^Bc 
commenced the descent of the plane at 25 miles per hour. 



Date and Plaee. 


Distance 
1 of a mile. 


Time. 


Interrals 
OJ Time. 


Velocity. 


Plan of 
Une. 


Remarks. 






u. flC 


Seconds. 


Miles per 






Sept. 1843. 


20 


31 




hour. 






Sheffield and Man- 


19 


49-4 


18-4 


24*4 






chester Railway. 


18 
17 
16 


1 5 


15-6 


28-8 


. Curves. 






av. 13-5 


33 








15 


32 


. • 








14 


46 


14 


X 


^ 






13 


2 


14 










12 


14 


14 










11 
10 


28 
42 


14 
14 


32*3 


(Nearly 
[straight 


Uniform velocity tak< 




9 


56 


14 










8 


3 10 


14 










7 


23 


13 










6 


37-2 


14-2 


1 








5 


51 


13*8 


i 31-6 








4 
3 


4 5-6 
20 


14-6 
14-4 


i Curves. 






2 

1 


34 

48 


14 
14 


} 32-1 







Expenment XVII. 

Load : six carriages, weighing 21^ tons. The carriages, it will be seen, c( 
inenced the descent of the incline at 33 miles per hour. 



Date and Place. 

1 


Distance 
1 of a mile. 


Time. 


Intervals 
of Time. 


Velocity. 


Plan of 
Line. 


Remarks. 






Seconds. 


Seconds. 


Miles per 






Sept 1843. 


19 


30-8 




hour. 




Weather calm. 


Sheffield and Man- 


18 


44-6 


13-8 








1 Chester Railway. 


17 


56-6 


12 


i37-7 


\ Curves. 






16 


8-2 


11-6 








15 


24 


12-2 






- 


14 
13 


32-4 

44.4 


12 
12 


137-5 








12 


57 


12-6 


[36 








11 


9.6 


12-6 








10 


21«8 


12*2 


Nearly 






9 


34*4 


12-6 


\ 


'straight 




-. • ■ ; .• 


8 
7 


. 47- 
59-8 


12-8 
12*8 


I 35-2 


. . 


Uniform velocity tak 




6 


12-6 


12-8 


J 








5 


25*6 


13-0 


l« 






.; . 


4 
3 


52-4 


av.l3*4 


, Curves. 






2 

1 


6-6 
20. 


14-2 
13-4 


1 32-7 
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Experimmt XVIII. 

Load : eapat^ tender, tad stz earriages, unloaded, weighing 44 tons. The train, 
it will be seen, commenced the deacoit of the incline at 24 miles per hour. 



Date ud PlaM. 


DittoBM 

iofamOe. 


Time. 




Vtloeity. 


Plan of 
Urn, 


Remarka. 






Seeoodi. 


Saeonda. 


MUmpot 






Sept 1843. 


21 


45 




hour. 




Weather calm. 


Sheffield and Man- 


20 


4 


19 


23*6 






GheKerSulway. 


19 


20'2 


16-2 


, 28-1 








18 


36 


15*8 


. Curves 






17 


50-6 


14-6 










16 


4'6 


14 


,31-1 








15 


19*4 


14*8 


, 






14 


33*8 


14-4 










13 


, , 


• • 










12 


45 


• • 










11 


58-6 


13*6 




, Nearly 






10 


12-4 


13-8 




straight 






9 


• • 


13-8 










8 


40 


13-8 


32-9 


. 


Uniform Telocity taken. 




7 


54 


14 










6 


7-6 


13-6 




\ 






5 


20-8 


13*2 




\r 






4 


34-8 


14 


132*1 


VCurres 






3 


48-8 


14 


) 






2 


2*8 


14 








1 


16-2 











JBxperiment XIX. 
Load : Engine {* King Lear*), tender, and nine carriages, loaded, weighing in 

all 64 tons. 



t>axi» and Place, 




Time. 


lulerrala 
of time.. 


Veiodly. 


Rmtutki. 






v. a. 


»!eoada. 


Milea 






Sept. 184S. 
Croydon Indine. 








per hour. 












• * 


• • 


Calm. 






j 


32 


Ut. 20 


M 










23 








' 


1 7^5 










4 

t 

. .. 


22 , 
35-8 
49 
2 2-5 


14 5 
13-8 
13-2 
13'5 


31 
>33-4 


Steam thut oC 






I 


13-5 


13-0 








- 


1 ' 


28'e 
41*4 
55' 5 


13' I 
12-S 
14<1 


^34 






i 


3 8-0 
30*8 


12-5 
l-2»8 


35'6 


Uniform vetoctty Iftken, 








34 


13-2 










2 


47-4 
4 1 


13^ 

I3'6 


> S3-5 








1 


14 '5 

29 ' 


13-5 

14-5 


w m 

31 


Break pot on. 






i 


5 4 ' 


35 


12-8 








3D 


2a 


17'3 


, 
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RESISTANCES TO RAILWAY TRAIIirS. 
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In the following Table (B) are collected the resistances elicitecl at the unifonn 
velocities maintained in these experiments (made by Mr. Scott Russell), under 
the general conditions explained in the introductory remarks (p. 7). , 



Table (B). 



Date and Place. 



Experiment XVI. — 
Sept. 1843. Shef. 
field and Manches- 
ter Railway . . . 

Experiment XVII.— 
Sept. 1843. Ditto . 



Experiment XVIII.- 
Sept. 1843. Ditto 



Experiment XIX. — 
Sept. 1843. Incline 
down to New Cross, 
on Croydon Railway 
(not Atmospheric) , 



I 32 -3 I 
} 35:2 I 



Uoiform 
Velocity 

attained in 
miles 

per liour. 



32-9 



35*6 



Frontage. 
Sq.ft. 



Description 

and 

Weight of Train. 



Tons. 



60 four carriages, 

weighing .... 14^ 

60 six carriages, 

weighing .... 21^ 

Engine, tender, and six 
carriages, unloaded, 
weighing 44 tons ; 
frontage of engine, 
48 sq. ft.; ditto of 
carriages, 60 sq. ft. # • 

Engine, tender, and 
nine carriages, loaded, 
weighing 64 tons ; 
frontage of engine, 
48 sq. ft.; ditto of 
carriages, 60 sq. ft. • . 



Resistances 

per ton in lbs. 

derived 

from inclination 

of plane. 



} 22{ 

} m 



22^ 



22i 



Remarks. 



Calm. 



Calm. 



Calm. 



Calm« 



III. — Table of Experiments on the Dalkey Railway ^ compiled 
by Mr, Bidder, 

This Table, valuable as it is, has not been analysed, because, in 
consequence of the shortness of the Dalkey Line, the experiments do 
not come under the general conditions explained in the introductory 
remarks (p. 7). The mean resistances indicated in this table for 
accelerating velocities, it may be remarked, are higher than those 
arrived at in this paper, by measuring the resistances to uniform 
velocities only. 

This table is in the possession of the Institution : and is printed 
here in order to facilitate reference. 
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IV. — Experiments by the AtUhor^ih Mai/, 1845, on the Bristol and 
GUmcester Railway of*\fi. gauge. 

The engine used in the second of these experiments, (XXI.). was 
an uncoupled passenger engine, with six wheels ; the driving wheels 
were 6 feet 6 inches in diameter. The weight, when loaded, was 
ahout 21 tons. The area of frontage was ahout 64 square feet. 
" The tender had six wheels, and weighed about 9 tons. 

The carriages consisted of: — 





Weight. 


Dimension*. 




Tare. 


Net. 


Total. 


Height. 


Width. 


Frontage. 


Length. 


A 2nd Class Mail Carriage, 6 
wheels, 3ft. Gin. diameter, 
Cdesignated C. in the fol- 
lowing Tables) 


tons. 

7 

7 
8 


cwt. 
10 

17 
6 


cwt. 
2 

2 
5 


tons. cwt. 
7 12 

7 19 

8 11 


ft. in. 
9 10 

9 10 
11 5 


VU in. 
8 8 

8 8 
8 6 


sq. ft. 
71 

71 
76 


ft. in. 
30 6 


A 2nd Class Carriage, 6 
wheels, 3ft. 6in. diameter, 
(designated D. in the fol- 
lowing Tables) 


30 6 


A Goods Truck with tilted 
ends ^5 tarpaulin stretched 
oyer it from end to end ; 
6 wheels, 3ft. 6in. diameter 
(designated E. in the fol- 
lowing Tables) 


21 2 







The rails were dry during the first experiment; before the second, 
a shower of rain commenced, and continued during the experiment. 
A very light wind prevailed in favour of the descending train. 

The length of the plane was 2 miles 25 chains. 

The average inclination was 1 in 74. 

The gravitating force down the incline was, therefore, 30 lbs. 
I)er ton. 

In consequence of the foot of the incline being near the junction of 
the line with the Great Western Railway, it was necessary to apply 
the breaks a quarter of a mile before reaching the foot of the incline. 



BES1STANGB8 TO BAILWAT TEAIKS. 

JBgperimetU XX. 

' following experiments give results under the general conditions ez[^: 
: introductory remarks X?' '7)* — ^^^ ^'^^^ consisted of Aree carrta( 
C, (arranged in this order) weighing 24 tons. Frontage^ ^76 square ft 



>ate and Place. 


DifUnee 
i of a mile. 


Intrmlor 
time. 


Vflqelty, 


mrauupka. 


ly 17th, 1845. 
1 Bristol and GIou- 
ailway, near Bris- 
ray of 7 feet gauge. 


4 
3| 

a! 

3 

2{ 


Seconds. 

57 

23 

Jay. 22J 
25 


MUes per 
hoar. 

I 40 


Engine ptiifaed earrii 
over the top- oC.ihe ii|d 
at40mitefperJl5:u^ 

Top of i^clin^ ..,, 




2 
2; 


25 
24 


I 36 


^\' 




2 


26 








IJ 


23 
23 


39 


Uniform velocity taken* 




l| 


24 


37J 


r Foot of incline. Breaks 




1 


24 


37i 


< here and train stopped 
Umile. ^ 



JBxperimeni XXI. ' ' ' 

onsisted of engine, tender, and 3 carriages, E, D, C, (arranged in t 
order) weighing 54 tons. Frontage of engine, 64 square feet; >^ s^ 



»ate and Place. 



Diataacf 
i of a mile. 



f 17th, 1845. 
a Bristol and Glo|i- 
ailwaj, near Brfs- 
ray of 7 feet gat^ge. 



,) 1^) y. }.•.«?. «^ ' 



Interval of 
time. 



Seconds. 

52 
24 

[av. 22^ 

20 
22 
21 
19 
21 
19 
19 



Velocity. 



MUeaper 
boor. 



I 39i 
} 42§ 
46 



Remarki. 



Train commeticed 
descent at 40 n^ee ] 
hour. 



Uniform velocity taken. 

Break put on here, s 
train stopped in ^ mile. 
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111 the following Table (C) are collected . the resistances elicited at the uniform 
velocities maintained in these experiments, (made by the Author,) on the Bristol 
and Gloucester Railway of 7 feet gauge under the general conditions explained 
in the introductory remarks, p. 7 : — 

Table (C). 



^ 
% 



Date aud Place* 


Uniform 
Velocity 
attained 
in miles 
per hour. 


Description and weight 
of traioi. 


Resistance 
per ton iu lbs. 
derived Xkuoi 

inclination 
of plane. 


Remarks. 




Frontage. 


Weight. 




l^xperiment XX> 
Bnstot and Glou* 
ccster Railway, of 7ft. 
gauge. Incline near 
Bristol. May 17tb, 
1845 

Experiment XXI. 


. -39 . 
V 46 . 


Sq.ft. 

. 76 . 
64 


Car- Tons, 
ringes. 

• 3 24 

Eng/"^. ] tons 
lender. 1 e^ 
& three f ^^ 
carriage, i 


lbs. 

; 30 . 
; 30 , 


(Very light wind down 
t the pla^ie, 

^ Very Ughjt wind down 
\ the plape. 



\. ---Experiments by the Author^ oitthe Croydon. Atmospheric 
Railway J ifi 1846. 

The gradients pn the Atmospheric Railway between Croydon and 
the * Dartmouth Arms,' commencing at Croydon, are as follows : — 

Gradi]$nts of the Line from Croydon to Forest Hill, or Dartmouth 

Arms; * • ... 



. 


From Croyd< 


Ml . 


. to first 


i 


mile post 


w level. . . 




,, i wile 


post 


. to 


1 


,, - 


.• down, 1 in 998# ' • • 




., i 




• lb • 


n 




• Yi(iduct up and down, \ in 5Q. 


- 


*w ij 




to 


n 




. up, I in 680. 


B 


M iij 




. tp , 


2J 


, , , 


• level, . ] , ' 


r- 


.. 25 




to . 


4, 




.. down, 1 in 650.. 




• , 4 




to 


4J 




. down, lin23QX. \ ; V' 



* At the second mile post (the Norwood station) the rails are raised 3 feety 
and there is an inclination of 1 in 100, both ways, to carry this rise out. 
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RESISTANCES TO RAILWAY TRAl^JB* 



The experiments comprised in the following Tables diow the times and the pressun 
indicated by the barometer at pasiliig each |th of a mile. 



Experiment XXII. 



•--^ 



Express Train from Croydon to * "Dartmouth Arms/ No inleryenin'g stqppigi 
April 14th, 1846; 9*45 a.m. Train consisted of sit cartftiges, ^z.— phto 
carriage, heater carriage (closed 2nd class), four Ist class carriages; weighii^ 
with passengers, 80 tons. Calm. 



Mile Pott. 



Enter Tube. 

ri*o 



.^. ^. 



Time. 



M. 8. 

1 

2 59 



3 56 

4 6 



4 25 
4 35 



4 54 

5 4 
5 13 



83 

41 

51 



9 



6 18 

6 28 

6 37 

6 47 

6 56 

7 6 

7 26 

7 37 

8 30 



latorval of 
Time. 



Stfcouds. 



• aver. 9 J 



. 10 
aver. 9^ 

! 10 
aver. 9J 



9 
aver. 10 



10 



8 



. 10 
. 9 
. 9 
. 9 
. 10 
. 9 
. 10 
. 9 
. 10 
aver. 10 



11 



Speed in Miles 
per Hour. 



47-3 



46 



50*0 . . 
► Uniform felocity 
taken. 



•••••• 

. 46*3 . . 



40-9 



^ 






2^« 

20* 



iln. 



19. 



ld*5 



15* 

IS'* 

140 
13« 

13' 

12- 

10*5 
IQi 
9-5 



h 
|E' 
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Experimeni XXIII. 

Ezprets Train from * Dartmouth Arms* to Croydon. No stopj^e intervening. 
April 14tb, 1846; 5 p.m. Train consisted of four carriages, viz. — one piston 
carriage, without sides, one heater ditto (closed 2nd class), two 1st class carriages ; 
weighing, wit)) pi^sengers, 21 * 5 tons. Calm. 



IfUePott. 



\^;;;l tfim 



Time. 



M. R. 

•00 
37 
51 
3 
14 
23 



1 32 

1 41 

1 h 
*2 5 

2 13 
2 20 
2 27 
^ 35 
2 42 



3 19 



3 42 
« 49 



4 '29- 



Intervals of 
Time. 



Seconds. 





U . 




12 . 




11 . 




9 . 




9 . 




9 . 


aver. 


8 . 




8 ! 




8 . 




7 . 




7 . 




8 . 




7 . 


aver 


7-4 




: 


aver 


. 7*7 








7 . 






aver 


. 8 . 








• 



Speed in Miles 
per Hour. 



Pressura indicated by 

Travelling Barometer, 

inches of Mercury. 



32-1 
39-1 

50«0 
56-2 



.61 
Uniform velocity 
taken. 



60 



• • 



56 



In. 
21 

20 



16 



15 









n 



|g.S 



2-§o 



I 

a 

7' 



n 2 
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Experiment XXV. 

Express Train from Croydou to * Di^rtmouth Arms.' No intervening stoppage. 
April 15th, 1846 ; 10 a.m. Train consisted of fiv0 carriages, viz.— oriis piston 
carriage, one .heater carriage (closed 2nd class), and thre^ Ist class carriages ; 
weighing, with passengers, 25 tons. Calm. 



MilePosi. 


Time. 


Intervals of Time 


Speed in Miles 
per hour. 


Pressara IndSeatMl by 
inchAsof Meieury. 




M. •. 


Secouds. 






Enter Tube. 


.15. 

. 2 17' 


• * 






. 18-75 


1 " 






, 2 31 . 
. 2 44 . 


. 14 
. 13 




I • 33-3 




1 , 






. 2 56 . 
.36. 


. 12 
. 10 




I • 40-9 

• a . . 


. \k 5 


Id! ' 






. • • . 


• 








-i - 






. • • • 


j aver.lO'S 




V ^ 41-8 




j^llf 






! 3 49 ! 


• . 






. 18-5 


If 






. 3 58 . 


. 9 






. ISO 


^ 






.47. 


I ater.OJ 








u 






. . • . 




'. .48-6 




2 . 






• 4 26 . 






.17 


21 






. 4 35 . 


. 9 






. 16-5 








. 4 43 . 
. 4 52 . 


. 8 
. 9 




I • ]51-4 . • 


. 16 

• 15 5 


2.1 






.51. 


. 9 






ffl 


^ 






. 5 10 . 


. 9 




\ • • . ' t . 


. ^^-^ "S-^ 


r-i 






. 5 18 . 
! 5 33 ! 


) . 8 
[ aTer. 8^ 




. « ... . 

v. # . . . • 


, 140^ 
. 130 


lii 


'■M >'^ 


^ 




. 5 44 . 


. 9 




f . 52-9 . . 


V 12-5 


E:l 3j 






. 5 63 . 


. 9 




Uniform velocity 


. • 12-^ 
. H-5 


If 


lii^ii; 






.61. 
. & 9 . 


. 8 
. 8 




. .Uken. ,. 


t5 u 3 






. 6 18. . 


. 9 






. n-0^ J3 






.6 27 . 
. 6 36 . 


• 9 
. 9 




. . 50 ■'. '.. 


.. 10-5 


?^ 04: 


, 




.6 45 , 


• 9 




. t . • . . 


. 10-0 


b'"* ^i 






. 6. 54 . 


] • ^ 
I aver. 9^ 

) . . 

. 11 






. 9-0 


§ 41 . 






• * ,« • 




.}'•-•"■ 


1- 


'^ 


■■ 




,. .7 ,13 . 
. 7. M , 




• e.5 


Train came to rest^ 


.80, 








^^•0( 







, , •' • f; i 
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Experiment XXVI. 

Express train from Croydon to * Dartmouth Arms.* No intervening stoppage. 
April, 1846; JO a.m. Train consisted of five carriages, viz. — one low piston 
carriage, one heater carriage (closed 2nd class), three 1st class carriages; 
weighing, with passengers, 26 tons. Slight wind against train. 



M.l« IN>it. 






^'•1 



Rest. 



Time. 



15 

1 10 

2 17 
2 31 
2 43 

2 bA\ 

3 bi 



3 46 
3 53^ 



4 
4 
4 
4 
4 
5 
5 
9 
6 
5 
5 
5 
6 
6 
6 
6 
6 
6 

7 
7 



19 

27i 

36 

4U 

53 

10 

27i 
95 

52^ 



64 
17 
25} 
34 
4^ 

• 

4 



Intcrvali of Time. 



Speed in Milos 
per hour. 



aver, 10*2 



(^) 



Scooodt. 

53 
67 
14 
12 



III 



arcr. {.§ 



aver. 8- 



aver. 10{ 



7-3 • • 

37-3 • I 

47-2 

• • » 

51-9 

• • . 

• • t 

• • • 
52-9 . • 

. • • 

• • • 
. • • 

51*4 



55-4 . • 

' Uniform Velo- 
ci^ taken. 



. 47*4 
, 41 •8f: - 



Piess«r» lodicirted by 
Travelling Barometer, 
inches of Meicary. 



la 

20 

19 

18-75 
18*5 
18-5 



18-5 
18 -75 




%'i 
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ExperimerU XXVII. ' " ''] 

Express train from Croydon to Dartmouth Arms. No interTedidg steppage.— 
April 20th, 1846 ; 5 p.m. train. The train consisted of tit cavtiagea, tib^^— one. 
piston carriage^ one heater carriage, four 1st class carriages, weighing, with 
passengers, 31 tons 1 5 cwt. Slight wind against the train. 



Mile Pott. 



Time. 



Intervals of Time. 



Speed in Miles 
(Uff htMr. 



Pneevm indieated by 
TnvelUBcBaronwCer, 



Enter tube 



k 



6 
28 



5 
10 
20 
30 
40 
50 

6 10 
20 



. . 13 . 
. . 15i . 
. . 13 . 

.: . I 

aT«r. 12-7 



aver. ll'O 
aver. 10*6 



I ; 31-0 



18 
Id 
18' 
18" 



3a'3 



I 4 40-9 

I . .' . 
> . 42-2 



10 



10 



10 
10 



aver. 10 



4j 



10 

9 

■ 9 



94 
10 

'3 
10 

10 

.^* 

10 
10 

11 



^ . 46-8 . . 
Uaiform velocity 
taken. 



43«5 



18*0 

19*5 
19-5 

17-7^ 

17-5 

17f25 

17»0 

16*6 

16-25 

16«0 1 
15*6 
15! 
14*7^ 

14«5 

14-0 
13-5 
13«25 

12*0 



. In the following table (D)'are collect^ the resistances elicited at 
the uniform velocities attained in these experiments under the general 
cbncdtions explained in the introductory remarks (page *}). 

It will he seen, that the velocity taken in each case as the uniform 
velocity, is also the highest velocity attained during the trip. The 
ineao pressure on the travelling piston, during the part of the 
journey paased over at such maximum velocity, may be considered to 
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denote the point at which the pressure on the travelling piston, and 
the resistances at that velocity, balance each other, 
x^.. ft w9l:f^ ibe observed, that in the present experiments the maxi- 
xpum /^dAGity ceased^ in each case, on a descending gradient,. 

Table (D.) 



:.. '.. .^- . -. ..-. •• 


Uniftmn 




aiHl Weight of 


Bmistance in lbs. per 
ton derived ftom 




ibate inA Plae0. ' 


Velocity 

attainml^in 

mne« 


Train. 


pressure of trarcUIng 
piston .indicated by 
travelling barometer. 


Remarlcs. 












per hoar. 


Fiootage. 


Carriages. 


(100 lbs. deducted for 
fHction of piston.) 




Croydon Atmo* 














spheric Railway. 








Mean 
Pressnre. 

in inches 










i-q. a. 


No. Tons. 


of merenry. 


lb. 




April 14th, 1846, 


1 " 












5 r. M. 


06 


4 -Jl'S 


14 


52*6 


Calm. Correc- 


Expt. XXIII. . 










tion for gravity 














not required. 


April 15th, 1846, 


I 53 












10 A. M. 


66 


5 25 


11 


41*7 


Calm. Correc- 


Expt. xxy. . • 










tion for gravity 














not reqiiired. 


April 16th^ 1846, 


I 53 












10 A.M. 


66 


5 26 


12«75 


36 


Slight wind ra- 


Expt. XXTI. . 










ther against 














train. Result 
corrected as 














regards gravity. 


Ai^Hl I4tb^ 1846. 


> 50 












66 


6 30 


13 


32*9 


CaUn. Result 


Ekpt JtXII. • . 










corrected as 


-■ ". 












^regards gravity. 


Ajpi^20il»;i846, 


[ " 












^■fp.M. 


66 


6 31*75 


14*3 


33-7 


Light wind 


^pi. XXVII. . 










against train. 














Resiftt correct- 
ed as regards 














rafS: 



VI. — JExperimenfs with Locomotive Engines, ordered bt/ the (jrauge 
"" Commissioners at the end of \S\ti, " """** ^ 

The author has thought it advantageous, for the following reasons, to 
compare the resistances measured in three of the different wa>s,i«i(hi^^ 
have heen mentioned (namely, hy the effect of ^avity, by t& atmos- 
pheric appariitus, and by Morin's dynamometer), with the total 
tractive power, which is put forth by a locomotive engine, lii drawing 
a |oad 9i a high velocity, as derived from the effect oTmc sfei^ 
aue to the quantity of water evaporated under known CdridMoni.'' '- 

The experiments given next after these, in scries VII., will show 
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the tractive ^Wei of 'Ae engine, a« measured liya^dymrtniNiietiMr^aced 
between the enigiue atld the train, it will therefore .ht'^tt vlatter of 
interest, to 'fc^nhptiTe ^hat may be termed, the thooretieoii^tractire 
power of the engfnc-itBielf, with the actual tractive foreeioommunicated 
to the train, • > ' 

But, there is a still more cogent reason for ascertaining the re- 
sistances, by the method in question. 

Mr. D. Gooch estimates the resistances at little more than a third 
of the amount at which other engineers have estimated them^ and he 
adduces an expenment,>^ accompanied by an indicator diagram,! 
in proof of the correctness of his opinion. This experiment, he states 
to have beeti made by himself and Mr. Samuda, with whom he 
appears to agree in opinion, in regard to the amount of resistance 
at high velocities. 

The amount which Mr. D. Gooch (page 153 of the Evidcrrce taken 
before the Gauge Commissioners) states to be the resistance per ton 
of load, at a speed of 60 miles an hour, is 18 lbs., which is the result 
of the experiment shown by the indicator card No. 4,t and he takes 
this as the resistance for trains, whether of 1 ton in weight (hs in 
case 6), or of 100 tons weight (as in case 3). No. 1 experiment in 
Mr. D. Gooch's table (p. 153 of Minutes of Evidence), is the only 
exception to this ; a speed of 65 miles per hour beings taken in this 
experiment, and the resistance being assumed to be at that speed, 20 
lbs. per ton, on a load, exclusive of engine and tender, of 123 tons. 

It appears, that Mr. D. Gooch attaches the greatest confidence to 
the experiment of the Indicator Card, No. 4, aa St is upon it that the- 
tables, showing the comparison of power between the broad and nar* 
row gauge engines, are based, and upon these tables rests a lairge 
portion of the evidence given by him to the Gauge Commissioners. 

It'fo therefore interesting, to ascertain what were the results of thfi 
experiments, made in Mr. D. Gooch's presence, and recorded by him 
(after the tables mentioned above, were handed in) in regard to the 
fM«tance»^and as in making these experiments all the conditions were 
catiefully hbttd, they afford the means of making the calculation with 
gi^t'feas^' •■■■ "• ■ 

In the first place, as being best suited to the purpose, the experi- 
nfeni'(No. d)t has been selected, for examination. 
?If ffil^.ftW^Sd? .WpQ^i the 7-feet gauge on a perfectly calm day^.the 

.U-jf.?s.'\ >i ,f ;i, II, • M, " .-— ^ . >:■.. 

'^''^iSe* I'Sf of' Tifiiiiikei of Svidenc^ taken before the dauge Comniis- 

d8n■iJl™^=''■:^:;:^:•:^■■.. ,..,,-■ ■•,■■,. ■■ v"^ •';." 

f J)fMmpK ^P{,4«fa£i^ P*g® l^^. of Evidence taken before Gauge C^ni" 

mlssionj^toQj^o^i V ■■• '■■■.'- • ■ .- •■ ^ -... ■•:. , . . '-. / ...,.; 

{ For particulars 01 this and the ibllowiDg Experiments, 'see AjtipendfaL to 

ETldence taken before the Gauge Commissioners, p. 653, et seq. 



RESISTANCES TO RAILWAY TRAINS. 25 

raih eomewliat wet, the velocity during the trip, being that on a line 
praciicailly straight and level, and coming generally under. the condi- 
tivM esfplamediathe introductory remarks (p. 7) ; the facts are taken 
from- Mr. 'Oooch's account of the experiment, (pages 660-667 of Ap- 
pendix to Evidence taken before the Gauge Commissioners). 

The ^B^neMxion** ran on the 1 7th December, 1845, from 
Oxford to Didcot and back, with a train weighing 61 tons, or with 
the engine and tender = 93 tons. 

The total time occupied in running the two trips, is by the tables, 
117 minutes 5 seconds, but excluding the time lost (in the first 3t 
miles in each trip, and in the last mile of the up trip) in getting up 
the speed, (as it is required to ascertain the resistances, when a 
velocity, as nearly as may be, uniform, was maintained,) the time 
occupied in performing 98 miles, was 106 minutes 24 seconds; the 
avQcage velocity maintained was accordingly 55 miles per hour. Tlie 
extreme limits of variation of speed, are stated to be 61 miles and 44 
miles per. hour ; but from an inspection of the tables it will be seen, 
that the> velocity was generally remarkably uniform ; the resistances 
elicited, : may therefore be considered as those due to the average 
vdocity without sensible error. 

The crater evaporated (in the two trips together, 106 miles in 
length) is stated to be 26,340 lbs.^-1000 lbs. evaporated in the 
stations 25)^^840. Deducting from this the quantity evaporated in 
8 mileSftP^s^. ^^^^ slowly at 200 lbs. per mile (= 16001b8.),§ the. 
qilftatity.'evaporated in passing over the remaining 98 ipiles is 
23)'74QJb«.; this distance being performed, as we have seen, at m., 
avsTftge v^elpcity of 55 miles per hour. 

Tht tiVevage pressure of the steam in the boiler was 72 lbs. per square 
incb-abovevthe atmospheric pressure, and the steam (from the qusjuitity. 
ofiinater eirap<Hrated) expanded into a bulk sufficient to fill thi& cylinders 
as mtD]p times as there were revolutions of the driving wheel in the.ifipii 
would be:.&^8 times the volume of the water from which it was generatedf : v 
and- would therefore be, theoretically (that is to say, allowing JfQ^ij^gi. 
futl66»io£; elasticity in passing from the boiler to the cyliDdj^f)^,^]!^^ 
end of a stroke in the cylinder, of a pressure of 35 lbs. to th^ squ^ ,. 

* Engine *Ixion/ cylinder 15} incheS) stroke 20 inches^ dian^ejt$^r otiirijmg 
wheel 7 feet , . ' ' . '.t, .../H i/rfh» 

~^t^«i'down train started from the first mile post from the iik'ttl^,'fifi{& uie 
full speed was not attained until after the fourth mile post was passed. 

"iiih ^ '^■t^^.^t 4 miles (reckoning from the station) ii^^th^ do:fm trip.^nd 
in the first S'^miles^as well as in the last mile, in the up trip,' (tliie Min filyinff . 
■tc)pi{efl j(;a.thvi.trip at a mile from the station) together, 8 miles. ^ .•noiroja 

I l^eaVerage quantity of water eyaporatcd per mile Is 240^1hir. /^Wrj''ifibrt- 
•fon,jni fllpse 8 miles passed over slowly, U is 200 lbs., 8K.200»l,60a!ia?°'^^''" 
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ilicli.abo9C>tilM atmoBph^ric pressure. The steam must^ thevefores )>e 
theoretiealljr regarded as having expanded from 12 lbs* per ineh in 
the boiler to 35 lbs. per square inch in the cylindoTi AiMilif-tfae 
steam could be so made use of, as that the whole pressure^ due to this 
expansion, were rendered available, the effective prenure oa %k^ 
piston would be 65 lbs. per square inch.* 

The effect of steam of this pressure (65 lbs.) per square inch, on 
. the piston will be, at the periphery of the wheel,t 3|840 Ibs^, as the 
total tractive power of the engine ; 3,840 lbs., divided by 93^ ihe num- 
ber of tons in the train, =41*3 lbs. per ton. 

But, in this calculation, it is assumed theoretically, that the whole 
expansive effect due to the steam is obtained, and that there is no 
loss of power whatever, which is of course far ^om being the case in 
practice. From other experiments indeed, especially tjhat with a 
goods' train of 400 tons at 20 miles per hour, on the narrow gauge, 
on the 2nd of January, 1846 (the resistance per ton being, in that 
case, such as there can be little difference of opinion about), it would 
appear, that at that velocity (20 miles per hour) the loss of power, in 
a good locomotive engine, is very small — but what that loss may be 
at 55 miles per hour, may admit of difference of opinion ; if, however, 
it is assumed, arbitrarily, that it is 20 per cent., there is still a tractive 
power (41*3 — 20 per cent.) of 33 lbs. per ton put forUi, at 55 miles 
per hour, instead of 18 lbs. per ton, as shown by Mr. (xooch's and 
Mr. Samuda's indicator experiment, at 60 miles per hour. 

Next, taking experiment (No. 3) on the 4 feet 8^ inches gauge 
line, between York and Darlington, on the 31st of December, 1845, 
deriving the figures in this case, also, from Mr. D. Gooch's report. 

Engine AX ran, on the 31st of December, 1845, with 80 tons, Or, 
with the engine and tender. 111 tons, from York to Darlington ;§ 
eixcluding the time, as in the former experiment, occupied in running 
at an accelerating velocity, over the first three miles, the time oceu- 

* Uniform effect of expansive steam per square inch of the piston 

r-x (1 i*Ajr/>. logr. n) — 15 where p =r pressure of steam per square inch in. Ihe 

boiler, i=number of times to which the steam is expanded in the cylinder. — 
n 

7;REnqoia>- 
f The effecti?e pressure per square inch on the piston X area of the two 
twice the stroke 65xl94'83x2x40 _^ q^^,^ 

cjlmdcFS.X ijircumference of driying wheel" 265^9 «*r»Wlb8- 

* X iBxigiiie A, cyUnder 15 in. diameter, stroke 21 in.; diameter of driving 
wheel 6 ft. 6 in. For particulars of these experiments see Appendix to £▼!. 
denpQ taken before the Gauge Commissioners, p. 653» et seq. 

§ The train starting at a distance of about 1 mile from the York station 
aad ^opi^ng about a mile from the Darlington station. 
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pied Arom the 4th to the 42Qd mile post (:= 88 miles), was SO 
minnteslO seconds; the average velocity, coiueqHently, was 45*4 
miles ptr hour. 

The extreme limits of variation of speed were 88 miles and 51 miles 
per hour ; but, from an inspection of the table, it will be seen, that 
the velocities were generally remarkably uniform, and the resistances 
elicited may, therefore, without sensible error, be regarded as those 
due to the average velocity. 

It should be remarked, that on this line there is an average 
gradient, from York to Darlington, of 3 feet per mile (ascending), and 
that there was a light wind against the train during the experiment. 

The water evaporated is stated to have been 11,284 lbs. ; deducting 
from this the quantity of water evaporated in the first 4 miles (rec- 
koning from the station), and in the last 2 miles, at 200 lbs. per mile 
(6x200=1,200 lbs.), the quantity evaporated in passing over the 
remainii^ 88 miles is 10,084 lbs., the distance being performed, as 
is seen, at an average velocity of 45 miles per hour. 

The average pressure of steam in the boiler was 59 lbs. per square 
inch above the atmospheric pressure, and the steam afforded by the 
quantity of water evaporated, expanded into a bulk sufficient to fill the 
cylinders, as many times as there were revolutions of the driving 
wheels in the trip, would be equal to 521 times the volume of the 
water, and would therefore be, theoretically, (that is to say, allowing 
nothing for loss of elasticity in passing from the boiler to the cylinder,) 
at the end of a stroke in the cylinder, of a pressure of 87 lbs. to the 
inch, above the atmospheric pressure. The steam must, therefore, 
be theoretically regarded as having expanded from 59 lbs. per square 
inch in the boiler, to 37 lbs. per square inch in the cylinder ; and if 
the steam could be so made use of, as that the whole pressure due to 
the expansion were rendered available, the effective pressure on the 
piston would be 56 lbs. per square inch. 

The effect of steam of this pressure (56 lbs.) per square inch on 
the piston, will be, at the periphery of the wheel,* 3,360 lbs. ; which 
represents the total tractive power of the engine ; and 3,360 lbs. 
divided by 111 tons (the weight of the trahi) = 30* 3 lbs. per ton. 

Arguing, as in the broad gauge experiment, and deducting as 

before, arbitrarily, 20 per cent, for the loss of power at the velocity 

of 45 miles an hour, with an engine of the proportions of that in 

question, a tractive power is shown of (30 •3—20 per centrr) 24*2 

;fta pet ton at 45 miles per hour, instead of 18 lbs. per ton at 60 miles 



. * The effective pressure per square inch on the piston X area of the two 

'^' twice th e strok e 56 X 175 X 2x42 „„^^„ 

*^»**'***"-^cS^iiSfe^e'S^^f the driying wlxeel 245 «J|^«>«1«>»- 
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miles per, hour, as shoyn by Mr. Goocband Mr. Samucja'a indicator 
experiment, at,60 miles per hour. . 

The other experiments made under the sanction of the CJommis- 
sioneriB on either gauge, present similar results. 

How far the resistances apparently indicated by these experiments, 
just calculated, agree with those measured by direct and totally dif- 
ferent means will appear in the summary. 

As in the previous cases, the results arrived at are placed in a 
tabular form. In doing this, however, these experiments are by no 
means brought forward as affording an equally trustworthy measure 
of Resistance with the other experiments, inasmuch as, although the 
pressure of steam in the boiler is known, the effective pressure on 
thfe piston, or the loss of power which may arise from different causes 
at high velocities in a locomotive engine, are not equally well ascer- 
tained. 

It does appear, nevertheless, that, after making a large aliowancc 
for such loss of power, the resistances indicated are as great as thpsc 
derived from the different and more direct modes of ipeasuring 
resistances, afforded by the other experiments which have been 
treated of, and that they are totally at variance with the result of 
Mr. Gboch's indicator experiment at 60 miles an hour. 

In the following Table (F.), are collected the resistances elicited 
at the nearly uniform velocities maintained in the experimeuts (niane 
under the sanction of the Gauge Commissioners, and recorded by Mr. 
D. Goocb), which have been examined. These resistances were 
maintained under the general conditions explained in the introductory 
remarks (p. 7.) 

Table (F.) 



Date and Place. 


Uniform 

Telocity 

attained in 

inilei 
per hour. 


Description and Weight of Train. 


Ilesiitance 
in lbs. per ton 
derived IVom 
effect theorrti- 
eallyduetothe 
water evaporated 
in a locomotive 
engine. 


Remarks. 


Frontage. 


Carriage. 




Exp. XXX. 
I7th Dec, 1845. 
Great Western 
Railway 

Exp. XXXI. 
3l8t Dec, 1845, 
York and Dar- 
lington Rail- 
way. 


1« 

1 45 


Sq. Feet. 

Engine 641 
Carriages 71/ 

• 

Engine 48) 
Carriages 60/ 


ho. Ton^, 
inclndinff 
EnRlnea 
Tender. 

6 93 

13 111 


41-3 
30-3 


Ordeductin:? 
arbitrarily 20 
percent-forloas 
ofpower,331bs. 
per ton. Calm 

Or deducting 
arbitrarUv 20 
per centfor loss 
ofpowcr,24*2 
lbs. per ton. 
Nearly calm. 



\lh—Ecperimift(s with M: MdnM's :Z>j^i4b>^f)/?^^;' 'WM^%^ 
Mr. Scott Eussell, on the South JS&j^fWt Jfif&tefl^." " ' ^'^^^ 

It 18 not necessary to describe the instrument used in the follo^ying^ 
experiments, as Mr. Scott Russell has alrcaily exliibited it at the 
IhstituUoh^ and has explained the mode of using tt« Jt will ht^ 
remembered, that it is self-registering, and that the base line is 
ruled l^y the registering apparatus, Bimultaneouely with the line indi- 
cating trie resistances. , I 

The dyns^mometer was placed in the first carriage ^f the train ^ni^jjct 
to the tender, the resistances it indicated were, theirefpreitbo^e.^ue 
to the train of carriages only ; moreover, the resistance on the frQ.nt 
of the train, due to passing through the air on a c^m day, was met by, 
the engine and tender, which put the air into motion ; under tliese 
circumstances, therefore, it may be presumed, that die frontage of the , 
carriages in such trains as those experimented upon was almost 
entirely protected from the resistance of the atmosphere. . , 

The indications will thus be found especially useful, when that 
step in the present inquiry is armed at, in whicSh it is attempted 
to separate the different sources of resistance, and to determine a 
formula which will represent the law of resistance to railway trains, 
and will show what proportion of these resistances arises from t^ie 
atmospheric resistance on the frontage of trains. 

^jriie fqilQwing tables show the particulars of two trips made with 
thiis instrument, on a calm day, on the South Eastern Railway. . ^ 
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From London (Bricklayers* Arms station) to Dover. South Eastern Railway, 
March 28th, 1846. The train was an ordinary express pasaengar train ; cou- 
sisting of engine (No. 37), 5-ft. 6-in. driving wheels, tender, and four carriftges. 
The four currinsrea weipfhed ahout 19 tons. Frontage Of cai!riages60 square 
feet. Day calm and foggy, with drizzling rain. . .»r j- ^ -a 
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Erperiment XXIX. — South Eastern Railway. From Dover to London, March 24 
1S46. Express lYain : Engine, tender, and four carriages ; the carriages weighs 
ing 19 tons. Frontage of carriages, about 60 square feet. Day calm and foggy 
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It vill be seen that in some portions of these trips, the records of 
which 'are not quite complete throughout, ^ velocity, practically 
uniform, has been maintained for ^ consid^able distance, on the 
planes of one inclination ; the indications of the dynamometer being 
also at the same time nearly uniform. 

The vfoUbwing table shows the resistances elicited at the uniform 
velooitjei^maintained in these experiments (made with M. Morin's 
dynarjiometer) under the general conditions explained in the introduc- 
tory remarks ^page 1). . 

Table (E.) 
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17-5 
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Expt. XXVIII. 
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19 


23-1 
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Summary/ of Results, 

In the annexed table (G)* and the accompanying diagram;. , 

(sheet 1), are brought together, the resistances to trains at' 

various -velocities, indicated by the experiments, treated of in thi^. , 

paper, and collected in the previous tables (A), (B), (C), (D), and • 

In Buph experiments, as has been before stated, the resistance to. ? 
the frontage of the trains from the opposition of the air (whatevdr^ ! 
^that may amount to), must be the same in a light or a heavy iraiif^: t 
the frontage being the same; and as this resistance is divided by tkg | 
number of tons in the train, the resistance per ton in lbs. froni thi^j 
cause, will amount to less in a heavy train than in a light one. Thi^ j 
. ^ . ! ft>i 

* Tie last column of this Table will be referred to in the next iectioni treatl^ J 
ing of the formula expressing the law of resistance. • ■ »*• 
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it appears, that the resistance per ton in lbs., is as much to a tAin j>f^ 
4 carriages at 21 miles per hour, as it is to a train of 8 carriages at 
26 miles per hour ; that the resistance to a train of 4 carriagesAt 31 
miles per hour, is as much as it is to a tr^iin of 6 carriages at 35 
miles per hour, and cases may be selected in which the difference is 
even greater.* 

An inspection of the diagram (sheet 1), will show this to be the 
case ; it will be seen, that the results of the experiments witli the 
greater number of carriages, ar^e generally below the black line, while 
the results of the experiments with the smaller number of carriages, 
are generally above the black line. The black line being an average 
line drawn to guide the eye through the various' results. 

The experiments with the same number of carriages, are therefore 
placed together in table (G), as well as the experiments with the 
heavier trains, in which an engine and tender preceded the carriages.t 

The diagram (sheet 1) presents a combined view of all the resist- 
ances indicated at various velocities, (under the general conditions 
explained in the introductory remarks, (p. 7) in the different series 
of experiments which have been examined. 

These resistances are arranged in the order of the velocities at 



'i«U 9; 



* It is apparent from this, that there are objections to reckoning the resist- 
ances to a train, at so much per ton of the weight of the train. 

The resistance is a function of the frontage and bulk of the train, as well as 
of the. weight, and to reckon the resistance at so much per ton, it may be said,' 
is to regard it as if it were a. function of the weight only : for example, the 
resistance per ton to a train of passenger carriages weighing 50 tons, at any 
given velocity, would probably be very different from the resistance per ton to 
a train of the same weight consisting of flat trucks, loaded with pig iron, and 
travelling at the same velocity. This objection points to the necessity of taking 
into account, in comparing resistances per ton of different trains, the compo- 
sition of the trains, the resistances of which are being compared, especially as 
to their bulk or specific gravity, and other similar circumstances. It is not, 
however, easy to see, what unit or common measure could be used in such 
comparisons, which would be so convenient or intelligible to engineers as the 
ton weight. 

In the experiments under consideration in this paper, the resistance per tcm 
can be compared without dread of falling into errors of consequence, as all 
the trains experimented upon, consisted of passenger carriages of nearly the 
same dimensions, partially loaded ; the only exceptions to this, are the trains in 
which the carriages were preceded by an engine and tender, and the somewhat 
increased specific gravity of the entire train resulting from this, must be kept 
in mind in considering the resistances per ton to such trains. 

t The experiments with the dynamometer placed between the engine and 
tender, and indicating therefore the resistance when that on the front of the 
train is almost entirely removed, are not sliown in table G., or diagram, 
(sheet 1). 
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which they were respectively measured. The diagram is drawn to a 
natural scale, the velocities in miles per hour being plotted horizon- 
tally, and the resistances in lbs. per ton of the weight of the train 
being plotted vertically. 

The black line, as has been explained, is merely to guide the eye 
through the various results. 

The red line is drawn, by connecting the vertical height indicating 
the resistance at 10 miles an hour to a passenger train of ordinary 
weight, to be 9 lbs. per ton, (on which point it is conceived there will 
be no material diflference of opinion,) with the vertical height at 60 
miles an hour, indicating the resistance to be 18 lbs. per ton ; the 
resistance which Mr. Samuda, and Mr. D. Gooch maintain to be true at 
that speed. This line is a trifle higher than that which Mr. Brunei's 
estimate would give. — (See note to p. 8.) 

The resistance shown by the stars on each side of the upper black 
line of diagram (sheet 1,) representing the mean, are then the results 
of a great number of experiments, made at various times in the course 
of the last seven years, by different persons, quite independently of 
each other, with different objects, and upon diflTerent lines of railway. 

Three different modes of measuring the resistances have been em- 
ployed iu these experiments, namely, — 

First. The effect of gravity on a plane of known inclination. 

Second. The difference of pressure on each side of the travelling 
piston of the Atmospheric Railway indicated by the travelling 
barometer, with regard to the precision of which, as a measure of re* 
sistance, there can be little doubt, except in so far as relates to the 
friction of the travelling piston and the apparatus, which will not 
materially affect the result.* 

Third. The effect due, theoretically, to a given quantity of water 
evaporated, by a given locomotive engine under known conditions. 
This, as has been stated, does not afford so direct a measure of the 
resistance as the first two modes of measurement ; it is however use- 
ful, as showing, that were there no other mode than this of mea- 
suring the resistances to trains, there would still be good reason to 
doubt the correctness of the. indicator experiment, recorded by Mr. 
D. Gooch, at 60 miles per hour. 



* This friction is taken at 100 lbs., which is about twice as much as the 
adyocates of the atmospheric system have stated as their estimate of it. If 
it is taken at less than is supposed, the resistances will app«ar somewhat more 
than they are shown. But whether the deduction from the propeUing force 
acting on the piston is taken at 50 lbs. or 200 lbs., the general leaolt of the 
experiments will not be materially affected for the present purpose. 

F 
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The thirty-one experiments in question have been leleeted out of a 
still greater number of experiments; but out of that number they re- 
present all which come under the general condition! explained in the 
introductory remarks (p. 7), and which present-*— 

An uniform velocity; 

Maintained ON A CALM day; 

On a railway of uniform inclination ; 

And PRACTICALLY STRAIGHT ; ' 

The rails and carriages being in good working oanER. 

It is only in results obtained under such conditions that any 
accordance or consistency between each other can be looked for; as it 
must be admitted, that in windy weather, on sharp curves, and on 
lines of varying inclination, the resistances at the same' velocities, 
would vary indefinitely, and that but little consistency between the 
results could be expected. 

Or even supposing these disturbing causes to be absent, and the 
velocity to be an accelerating, or retarding velocity, instead ci an 
uniform velocity, as in the present experiments, the mean resistance 
only due to a range between two different velocities would be arrived 
at, instead of the resistance due to one particular velocity, which is 
obtained at once from an uniform velocity. 

Or again, even supposing this uncertainty were reduced to a miiu- 
mum, by the somewhat complicated mathematical process necesaaiy 
in order to do so, there would still be the doubt as to whether 
peculiar resistances were not elicited in varying velocities, from 
oscillation or other causes, which would disturb the calculations. 9o 
that the only experiments from which results, consistent as betwe^ 
each other, may be expected, are those which are presented under 
the conditions of the present experiments as above stated, namely, — 
An uniform velocity ; 

Maintained on a calm day ; , 

On a railway of uniform inclination, and practically straight; 
The rails and carriages being in good working order. 

If then, it is found that the resistances indicated by the whole of tbe 
thirty-one experiments (which alone can be expected to accord geoQ* 
rally with each other), selected, as they are, according to so plain amlc, 
from so many independent sources, the resistances being measured 
in iporQ tb?in one manner, at velocities varying from 14 miles to ^I 
miles per hour — if it is found that these resistances, so ascertainei^, 
have nevertheless a general agreement and consistency with each 
other, as it is apparent, from following the black line in diagram 
(isheet 1), that the results of these experiments have, there is reason^ 
ft is submitted, for coming to the conclusion, that the mean resistance 
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to passenger trains, of between 20 tons and 10 tons weight, at 
velocities between 20 miles and 60 miles per hour, under favourable 
conditions, is indicated generally, by the black line in diagram 
(sheet 1), showing the mean of the various results which have been 
obtained; and that consequently the red line, showing the resist- 
ances at 60 miles, to be only 18 lbs. per ton in a passenger train of 
ordinary weight, must be rejected as incorrect. That, to take the 
example proposed in the case of the Newcastle and Berwick Railway, 
the resistance per ton, to a passenger train of, — say 40 tons at 60 
miles an hour, would be more than 34 lbs. per ton, instead of 
11 lbs., or, in other words, that the value of the resistance of the 
velocity would, under the most favourable circumstances, be more 
than twice as much as Mr. Brunei, Mr. Samuda, and Mr, D. Grooch, 
have assigned to it. 

With great deference then to the abilities of those gentleraen, who 
have expressed themselves in support of the last-named estimate of 
resistance, it is submitted, that the experiments of which we are 
in possession lead to the conclusion that their opinion on this subject 
is erroneous. 

If this be so, it will soon be made manifest, by the amount of 
propelling power which will be found requisite, in working atmos- 
pheric railways ; for in them the power being strictly limited by the 
size of the pipe, a deficiency of propelling power, in this respect, 
will be quickly felt.* 

It is proper here to repeat that the mean resistances, derived from 
the accelerating velocities on the Dalkey line, collected by Mr. Bidder, 
from the experiments recorded in Mr. Robert Stephenson's report on 
the atmospheric system, exhibit much higher resistances at the same 
velocities, than those which are presented in table (G.), and that 
in cases of accelerating and retarding velocities, which have been 
examined by the author, similar results have been found to obtain. 

Engineers are again reminded, that the resistances of which the 
present paper treats, must be understood to be the resistances in calm 
•weather, of engines and carriages of the ordinary construction, in 
good repair, on a railway also in good repair. 

In actual practice, various circumstances will arise, as sMe winds, 
yitnt of repair, or adjustment in the carriages or road, sharp curves, 
&c., all of which will tend to make the resistances more than the ex- 
peiriments show. 



i.]i^ It is scarcely necessary to say, that» in making this remark,* it i# addrMSed 
^^l$|ly to a doctrine advanced by the advocates of the atmospheric 8irstej[]gi,k,i^ 

in doing so no opinion is intended to be given, as to the practical ajjvantaees 

or disadvantages of that system, 

f2 
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((^^19 propeif, alsQ to draw attention, at thU. point, to the fact, 
that a ^ind direcUy i& favour of a train, will not acc^ljcrate it 
in:i}ie(teanie degree as a directly adverse wind Qf ^the aa^l& velocity 
will retard it; because the resistance from the air acting on the 
irontageir varies as the square of the velocity^ and thus, if a train 
be ^ supposed to be travelling at 50 miles an, hour in a wijod, 
blowing in the direction in which the train is travellings at thenit« 
of 2Q miks per hour, the effect of the air on the frontage, as com- 
pared with its action were the air calm, would be as ^—^ — ^ ^ 

30* 3fi 

~-p = — ■ ; whereas with a wind of the same velocity, acting against 

the train, the effect of such wind on the frontage, would be as 
(50 + 20)« W 4900 199 ,, • i • r r *v * • 

'— 50f =50^=2500=100' "^^ ^'"^ '° favour of the tram 
thus dfminishing the atmospheric resistance on the frontage, by 74 
})er cent., whereas the same wind, when acting against the train, in- 
creases this resistance by 99 per cent. 

The sequence of facts presented to the eye in diagram (sheet 1), 
and in table (G.), affords, it is hoped, the means of making a much 
nearer approach to the true law of resistance to railway trains at 
various velocities, than has hitherto been attempted. 

The investigation of a formula which shall express the facts that 
have been elicited by experiment, becomes therefore, in natural order, 
the next step in the inquiry. 

Investigation of a Formula representing the resistances of Trains, 

There are two great and undoubted causes of resistances to railway 
trains travelling on a level at various velocities ; these are, — 

First, the friction of the wheels and axles, which is held to remain 
constant, or nearly so, at all velocities. 

Secondly, the resistance of the air to the frontage of the train, 
which 4 8 held! to vary as the square of the velocity. 

But if it is attempted to proceed, on these two data only, to find 
ai)^ q;n|^rical^ fopnula, which shall expres» the resistances of trains of 
different. Ti^onta^es, and composed of different numbers of carriages, 
at yanouii veW iim\\ be found, it is believed, an impracticable 

' j^Svii^'me^fa^c the foregoing experiments were arranged, mi 
the attempt' was being rmi^ie to find a formula which should adapt 
Itself to the various circumstances of the experiments, Mr. Scott 
Busseil, whose researches into the resistances of fluids are so well 
known, kindly furnishedl^e folioVving'formtila, 
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The writer hvit made use of it simply as an emphStA ftiriii'ula, 
in ordei" i6 see how it agrees with the faets fiiiriiiiihed"bjr ^xj)eri- 
ments mad^, as ha^ heen explained, by different persons lit different 
times. '"'■'■ ■■ ' " •'■'•• ■ . ■• ^.-.- •" . - 

The fbrmnfa is Very simple, and is based oh the doetrine of the 
causes of resistance to the advance of railway trains being divisible 
into thiree cksses. 

The first class of resistances is what is understood by friction^ and 
is constant at all velocities. 

The second class is what is understood by frontage resistance, and 
increases as the square of the velocity, in miles per hour, the resist- 
ance at one mile per hour being -^\^ lbs. per square foot of frontage. 

The third class of resistances may be termed, for want of u better 
word, resistances from concussions ; the existence of such a class of 
resistance is indicated by the concussions and vibrations clearly per- 
ceived in a train in rapid motion. This class of resistances is held 
lo vary in the simple ratio of the velocity. 

Calling the friction 6 lbs. per ton, the number of tons weight of 
the train = T, the velocity of the train in miles per hour = V, the 
resistance per square foot of frontage, at 1 mile per hour = •0025 lbs., 
the resistances from concussions in pounds per ton of the load, at 10 

miles per hour and above = ~, the number of square feet in the 

o 

frontage of the train = N. The formula, giving the resistance in 

lbs. per ton (of the weight of the train), is 

6+V+ ( V X '0025 X N ) 

3 T 

In tables G and E, the results which this formula gives, are 
shown in the last columns, and the agreement of these results', >jfi0i 
the result of all the experiments on trains of different weights, and 
at various velocities, is shown in diagram (sheet 11). Wherein ien^ne 
runs with a train, the friction of the engine is taken at 15 lbs. per ton 
of its weight. 

From having considered uniform velocities only, in obtaining expe- 
rimental results, no correction is required on account of part- of' jtn^ 
train (namely, the wheels and axles) being in rotatory mbtlonl^"^/' 

It will be seen, that the results of the formula are Boinewfiat fiigher 




is very close.' , ,, „ 

•^■■"' ■' ■■'■'> ' ■• ■ :.. - . ■■ ■■■• ;■".■; .- -. ^,. . '-^V; ...v -yr :3rfOnw ^ll5a'dU}l 
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It appears that it applies well to passenger trains from 20 tons to 64 
tons weight (or including the experiments in Table F to 1 II tons), and 
to velocities from 30 miles to 60 miles per hour, and, what is satisfac- 
tory, the agreement of its results with those of the experiments made 
with Morin's dynamometer (Diagram 6, sheet II.), appears to indicate 
that it enables the amount of resistances due to the opposition of the 
air upon the frontage of trains, (such as those experimented upon,) to 
be separated from the other resistances. 

This formula, then, of Mr. Scott Russell, would appear to give an 
expression for the resistances to passenger trains much more nearly 
correct within the above limits (and under the given conditions) than 
any which has hitherto been suggested. 

The following table (K) affords the means of readily obtaining the 
resistances in lbs. per ton (according to this formula) of trains of pas- 
senger carriages, travelling at any speed between 10 miles and 61 
miles per hour. 
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Taulb (K). 
Table to facilitate the calculation of the resistances to Passenger Trains, on a calm 
day, on a line level and practically straight, the rails and carriages being in 
good working order, and generally in the absence of fortuitous disturbing 
causes calculated to affect materially the amount of resistance. Calculated from 
formula (p. 39). 
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Note. — The correction for grayity on any given inclination is of course easily applied to the 
results of the formula. In cases of ncceleratmg and retarding velocities, a correction will be 
requisite on account of part of tiie train beiiig in rotatory motion. — See Report of Mr. E. 
Woods, page 248 of Report of British Association, 841. It is scarcely necessary to caution 
engineers, that in applying the results of such a table as the above for practkal purposes, care 
must be taken that the circumstances assumed, and necessarily so, in the formula suggested^ 
coincide with the actual circumstances of the case to which it is sought to a^^l^ ^JcaI^-wsn" 



42 HfiSISlIANCES TO RAILWAY TIULINS. 

" \ "'« * ^ ' Appiication of the foregoing Results, 

,. The ri^iilto m^icAl»d by the experiments set ibrth in t^s paper 
^inr, tkat the resistaiiees increase in a rapid ratio with th^iyelocity. 
Th^M^ wMb ja. Utotit for instance, of six passenger carri^^s weighing 
3P tons, witb a frontage of 60 square feet, on a calm day^ ao4 on a 
f^a^ht line, .with carriages and road in good condition ; ia other 
words, under the most favourable circumstances, 

The resistances at 1 mile per hour, would be about 7 lbs. per ton. 
at 10 „ „ 10 lbs. „ 

„ at 30 „ „ 20 lbs. „ 

„ at 60 „ more than 40 lbs. „ 

And that under the unfavourable circumstances, which to a greater 
or less extent generally prevail in practice, the resistances would be 
much above these amounts. 

It is clear that this fieict, which has never been recognised in the 
old modes of calculation of the power required in the propulsion of 
trains at high' velocities, must render all such modes of cdculation 
fallacious, when applied to such velocities. . 

It may, th^efore, be asked how is it possible that so great a varia- 
tion, in the amount of resistances to trains, should not have made 
itself felt, by showing the ordinary mode of calculating the power or 
effect of locomotive engines to be fallacious. 

The answer would appear to be, that it has done so. All have 
heard engineers lamenting the loss of power in a loconiotiye engine at 
high velocities. It was said, and is said now, that " practically" more 
could not be got out of the engine than half of the effect that ought, 
•^tfie^tctically," to have been obtained. 

■,., That is -to say, estimating the resistance (as was common) at about 
10 lbs. per ton, at all velocities, there appeared to be an enormous 
1(I9S of pQwer in an engine with a light load, at a high speed, and this 
seemed the greater, as the evaporating power of the engine appeared 
feliieteat^- wHh the velocity. The cause of this discrepancy between 
practice and what was (as is generally the case in these tnatters) 
•Aif^dtlicid iU^iSr; tiow appears clear. The resistance itidre^ses with 
^SH^^TbdCf J*ist*iad of being 10 lbs. per ton, it had becbrtie'(perhaps) 
^Olfcfe?^r fdny'tHe fenghie had thus four times as much ^ do at the 
«gl^f^rf«^ a^'iit the lower. 

^^^e'^'tnShiKytta' Ibfe of pbwer in the engine at the hrgli^ velocity, 
4W^ri(^ fiferkbref,^^^^'- tJrtie explanation of the discrepancy -betii^en 
'flig.c^daititMi? afe*^ ctperihient ; but the Xtm cautee of that great 
^d(sA^l^fj^l^*iS^the m^^ resiatatlte at the higher 

velocity. 
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To be satisfied h9W entjrcily the mo^e of qi^kulffcfcing the power of 
the locomotive engine has to be changed, and whiit may be called in 
one aenltethe ** theory^* of the locomotive engine altej^dji'i^h the 
fa^t'cff^lhfeUncrefese <tf the resistance with the teloscity^is t«lE:eB''into 
a^coTiifit/ifftF^tlTy'n^cessaiy to call tomind the lucid cxplciivation of 
the mode of feakulating the power of a locomotive en]giT^ (when the 
re8is(tances ate assumed to be constcmt at all velocities) coi£itaided in 
M. Navier's well-known tract on the subject. 

In a locomotive engine drawing a light passenger train, at a high 
velocity, there is generally a considerable surplus of power in the 
engine, which prevents the higher resistances at those velocities from 
malqng themselves so inconveniently felt, as they must be on an 
atmospheric railway, where the power is strictly limited by the size 
of the pipe. 

' To take the instance of the Croydon Railway. The pipe is 15 
inches ia diameter ; therefore, 117 square inches in area. At 60 miles 
per hour say that engine power were applied, so that a vacuum of 
14 inches of mercury can be maintained at this velocity, the pressure 
av'ailable for propelling trains, deducting 100 lbs. for the friction of 
the travelling piston, would thus be, — 

7x171 — 100=1139 lbs. 
Now, if the resistance were only, as has been contended, 17 lbs. per 
ton,lEit 60 miles per hour, the number of tons which could be pro- 
pelled would bef — H~^) ^*^» equal to a train of about 13 carriages; 

bqt if th^ resistances are, as the experiments cited appear to show, 
between 40 lbs. and 50 lbs. per ton, the train which the apparatus 

could nfiamtaiJn at that velocity would only be either — — ::^ 22| tons, or 

1139 

-— - i== 28^ tons, equal to about four or five carriages. It is;, there- 

fore, on the atmospheric railway that the question of i^esis^a^pea.iviU 
be soonest brought to the test. i, * .fi /i n ^- 

^ The recognition of the ipcrease of resistances with« jbhc^ ^^If^^j^ 
^uet modify the views entertained with regard to. the^^latfye^^^iu^ .of 
^rtaia gradients as expressed in figures. ForJastance^ril^l^Sj^^wap 
contended by Mr. Brunei, in the controversy beti^:eej^ ^^t)g!^ni(]j^ajn 
mi Mr. Hawkshaw, on the subject of the con^ruQtj^^^f^^c^j^reat 
WeslernrJB^way, that there would be "an. eif,€pM,%j^j^ 1^^9^ 
i»,iihefOeit load, which the same engine (speafeipiR^jt t^J^oi^i^ 
seiiger ejflgiBi^s) would-be capable-pjf 4rawiftg at t^z^p^ }^9^ ^** 

♦ Page 7 of Mr. Brunei's Report to GreatWesterii Directors, Dec. 13, 1838. 
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being the regular Bpeed of the trains) up an incline of 4 feet per mile, 

over that which it would draw on an incline of 10 feet per mile.** 

And thia conclusion was thus arrived at. The friction to a train is 

constant, and amounts to 8 lbs. per ton. The effect of gravity on an 

inclination of 4 feet per mile, is 1 • 7 lbs. ; on 10 feet per mile it is 

4 * 25 lbs. The relative resistances, therefore, on two such inclines 

are (84-1-7=) 9*7 lbs. per ton, and (8+4-25 lb8.=) 12*25 lbs. 

9*7 100 
per ton, and = — - ; deducting the weight of the engine and ten- 

12*25 12o 

der in each case, the proportions become -—-, hence the conclusion 

134 

now given. 

Now what do the above proportions become, if the increase of 
resistance with the velocity according to table (K) is applied. The 
regular speed of the Great Western trains, exclusive of stoppages, may 
be taken at 35 miles per hour. The resistance from the_ table (K), 
to such a train, weighing (as Mr. Brunei assumes), with the engine 
and tender, 80 tons, would be 20 lbs. per ton, and, adding for the 
effect of gravity on the two planes as above (and deducting as before 
for the weight of the engine and tender), there remains, for the pro- 
portions of load which the same engine can draw up the two planes 

(of 4 feet per mile and 10 feet per mile), —-- instead of as shown 

*^ *^ Ml6 134 

by the calculation of 1838; in other words, the relative advantage of 

a gradient of 4 feet per mile, as compared to a gradient of iO fieet 

per mile (according to this mode of estimating the advantages), would 

thus be less than half what it was calculated to be. 

It is clear, then, that the recognition of this law of the increase of 
resistances must materially affect all abstract calculations of the above 
character, respecting the value of gradients, as affecting passenger 
trains, but this is not all. 

It was considered, that by certain arrangements, principally by 
increasing the diameter of the wheels, the resistance from friction 
might be reduced from 8 lbs. to 6 lbs. per ton. Applying that to the 
case of the relative power of the engine on the gradients of 4 feet and 
10 feet per milei Mr. Brunei, at page 13 of his Report, goes on to 
show^ that (he comparative loads which the same engine would take, at 
the same (passenger train) speed, up the two gradients in question, 

wduld be thert ias -— - instead of -— as was the case when the friction 
;, i 144, 134' 

of the allies was 8 lbs. per ton ; whereas, applying the results of the 
tatte(K),ofthi8 paper, they would be as — only, instead of as — - . 
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SO that the advantage of a gradient of 4 feet per mile, over a gradient 
of 10 feet per mile (as estimated in 1838), was made to ap^ar 160 
per cent, mote than the formula would show it to bie. The formula^ 
be it observed, appearing to agree with experiment, Within the limits 
of this case. 

Again : the saving of friction of 1 lb. per ton, supposing, for 
the sake of argument, that such a saving would be attfdned by 
increasing the diameter of the wheels, instead of being a saving of 
12i per cent, of the whole resistances on a level, at 40 miles per 
hour (as it would be, were the resistances constant at all velocities, and 
therefore the same at 1 mile per hour as at 10 miles per hour), would 
in practice be a saving of only 4 per cent, of such resistances, since 
such resistances (in a train of 80 tons, as assumed by Mr. Brunei) 
would have increased at 40 miles per hour to 25 lbs. per ton. 

In giving these examples, it is wished that it should be under* 
stood, that the author does not give any opinion in the present place, 
as to the relative advantages of different diameters of wheels, or of 
different gradients or gauges. These arguments, by which particulat 
arrangements were defended, are selected in order to show the appli-^ 
cation of the law of increase of resistances with the velocities, to Ihfe 
questions discussed, merely because they were the best practical 
examples of the importance of determining the true value of resist- 
ances to trains at various velocities which occurred to the author. 

A glance indeed at a few of the applications of this important 
question of the variations of resistances, will satisfy every engineeis 
that it is no mere theoretical question, but one which is of the most 
direct practical bearing. 

This Paper is illustrated by two sheets of diagrams. 



Mr. Harding reiterated the explanation of the diagrams given in 
the paper, and showed, that the resistance per ton to a passeiiger 
train of about 30 tons, at a velocity of 60 miles per hour. Would 
appear to be upwards of 40 lbs. per ton, instead of 18 lbs. pet ton, 
as had been stated as the results of other experimentsj wliobc tot^ 
rectness might, he contended, be reasonably questioned. ' 

Mr. Scott Russell said, he had been engaged in ittteikhig 9l 
series of experiments on the Sheffield and Manchester; 'South 
Western, South Eastern, and other railways, for the purpose of ^8t- 
ing the amount of resistance offered to the passage of trains at dif- 
ferent velocities. The results only of those experinvcfiHe^ had alriealdy 
been partially made public, and he was obliged to Mr. Harding 
for again bringing the subject before the Institution. They would 
now have greater weight, from the more recent researches of that 
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gei^klnHM), and it was gratifying to find their tmlh (5MM>orated. 
So far as he understood the diagrams, he conceiv^ed,' thaft Ihe expeti- 
tB^ts tney lllustrafed, would be found to agree With those of both 
Mr.N. Wbodand Mr. Stephenson, and that the results i!i(P His'inodie of 
maMtig the experiments coincided with the results ol>taittedlVom'ftTe 
dlflSerent spitrces, which circumstance gave him more cohfidebccl tfWh 
he before had in it. In discussing the experiments with wWdi'^hte 
had been engaged, he had begun in this manner. In anftl^flfg the 
experiments made on the Liverpool and Manchester Rift^Iwayy it 
appeared to have been proved, that the friction of a train Jftfi^ouuted 
to a resistance of from 6 lbs. to 10 lbs. per ton. In the best eldssu ef 
carriages it would not exceed 6 lbs. per ton. He believed the law 
of resistance was composed of several elements, the first 'of wMeh 
was the friction of the wheels and axles, which was constant at all 
velocities; another was the frontage resistance. But there were 
other elements of resistance. In comparing the tables given by 
Smeaton, he considered, that the resistances therein sta^ were 
much exaggerated. These experiments had been made upon thin 
discs only, and erroneous results had been obtained; if the experf* 
ments had been made upon bodies shaped like a long box, they 
would have been more analogous to the case of a railway tr^in ; thi 
lateral resistance had not been considered, nor had the efifect arising 
from the air rushing into the space, formed by the passagie of the 
train, been taken into account. It was, however, at the pr^sefit 
moment, unnecessary to go into these considerations. Iti varimni 
experiments, which Mr. Russell had made with Pitot's tube; he had 
found the resistance about half that which was given by SmcatoaV 
tables. There was also another element in this formula ; the first was^ 
the 6 lbs. represented as the amount of axle friction ; the sec6nd wa^J 
^e resistance of the air, and he had, in his calculations, taken the 
hiei^ht of motion due to the velocity, and had then taken the weight 
of ti-corresponding column of air, and by multiplying it into the ortA 
of the ftontlftge, he had got a series of results which representdd 
the amount of resistance due to frontage. When he had done this, 
h^'^dedifdted it along with the 6 lbs. constant, from the new total of 
fti^ aiiiiftd tfeWsttrtice by experiments, and found there was a large re- 
iftfilinlJtt*.'^ Wci#;What was that remainder? It appeared to be proved 
that the remaining resistance was due to the weight of the trains, dud 
d?ff Mif'in^s'fifelaie'ft* the squareis of the velocity, but directly as the velo- 
^fyi^iWA^Mt^ffrti aiwooBtof the third element of resistance to a train; 
ihtviiij^Wf^tf^B' taffeijf lOmiles per hour, was ta aifesf.jatUO ifiile^p^t* 
iWifAr^^'e^B.i'^ritid 'at 30 iriilefc at'^ lbs. per tony attd'^witOtt a» tlye 
lif^^^df^tie^^traitf ^inf eVei^'^^tJance Ike^^^fe^^ that i« vfK^eaMd 
as the velocity, but not as the squares of the velocity. There were 
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many oiW QUments acting on traiiw iBOvii^g at Mg^.^M^^mt^s^ 
\^hicb, at loTf ve^ocitieg had no effect. - ; .,r . i , - ,; e-: t; • r; 

Mr. Rj^ssell.gaid, that the word concu&sion>u«^d,})y Mr^Jiajr^ipg^ 
might pexha|)3. be ^objected to by some engineers;- it; .w^,lo;|i c^tajp 
exfceut, however, explanatory of his meaning, although he fpu,A(jLibe 
difficulty pf. finding a terni to express, exactly, Uie action. He hftd 
found that when standing near the atmospheric railway, wheid a |;]rajn 
was passing at the rate of 60 miles per hour, an agitation was felt which 
shook the earth, like the action of piling engines. That agitation, or 
concussion, must arise from a certain expenditure of power, and that 
expenditure must be a loss of power, varying as the velocities. > 

There was still another element of resistance, arising from the 
flexure of the rails, although partially provided for by the springs ; 
that resistance was also as the velocity. There was yet another 
element to be considered. Every swing of a train produced an 
amount of friction, from the abrasion of the impinging flanges of the 
wheel against the inside edges of the rails; that, also, acted in pro« 
portion to the increase of the velocity itself, but not as the squares. 
All these made up the elements comprising the resistance to trains ; 
the influence of the weight, and the wearing away the rails, must also 
£6rm a portion of the elements of resistance, and all these elements 
increased as the velocity, but not as the square of the velocity. 

Assuming that the consideration of these elements was comprised 
in the formula, he was glad to find, that the representatioj;! of the 
formula agreed with the results obtained by Mr. Harding* 
r Mr. £. Woods bore testimony to the general accuracy of the 
tables, and to the correctness of the facts brought under the notipe 
of the Institution, Mr. Harding had mentioned three: .methiods 
of determining the resistance sufl*ered by trains. The^ fin^t. ;W,aA 
from the force of gravity on inclined planes. The second vW^ 
arrived at from the experiments upon the atmospheric railws^y* ' < Thq 
tliird was by the analysis of the power of the hoQVfioi^y^. ,e^gme. 
Mr. Woods considered the two first of these to be unq^s^fv^io^b^i 
as the fprco of gravity could be arrived at with aQpiiir%^y,i,! j^ 
amount of resistance which Mr. Harding had. a^^pl^i^e^.^jft^f^^^ii^ 
from that source might be received as correct^ P&flii^^jf M/t%s^4 
been careful to select experiments where an n^i^r^^;^ioj^^^j}^ 

been attained.' 5 ---.- --ifuij/n^i f^di :»cil; 

. !The second method might be considered ^^e^;Jlef;s3]^ifk|:^I^o,^^1^fj^^ 
tion ; but as to the third method of deducing t^jrep^fj^^f^jt^ 
e^ct of the steam^ due. to the quuitily; of wf^^tcf^f^QOf^tf^iy^))^ 
eo^ld wt!^tirely ..inward, wijhi (Mr. Httr4i?g^8:,yif|?S8;.?i(fro^iW^ 
cwrectJW assume ^hs*,alli)j&§.^pa^BiQ^ 1w)li&.I^%(»^i^ 
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He was of opinion that it commenced at the regulator, where it was 
throttled, and that it passed along to the cylinders at a greatly 
attenuated pressure ; for that and other reasons he could not place so 
much dependence on the third method. 

It was of importance to the question, to ascertain whether Mr. 
Harding had considered only the amount of frontage resistance, or 
had taken into his calculation the friction, arising from the body of 
air, which he conceived must be carried along with the train in its 
passage. Judging from the analogy of the mass of water carried 
along by vessels of different forms at various velocities, this must 
form an important element of resistance, which should be consi- 
dered ; in his opinion it would accoimt for a great part of the 
remainder sought by Mr. Russell. 

The meeting must feel indebted to Mr. Harding for bringing so 
many valuable results together, and he was gratified to find, that his 
own opinions were generally in accordance with the results deducible 
from the experiments. 

Mr. Samuda said, if he understood Mr. Harding's position cor- 
rectly, he could not agree with him in his deductions. He regretted 
that he had not with him the papers containing the results of some 
experiments he had made, and which differed widely from those 
spoken of by Mr. Harding, both as to the amount of friction and 
the amount of duty performed on the atmospheric railway. He 
would ask Mr. Harding to state what, according to his formula, 
would be the resistance of a train weighing 100 tons, travelling at a 
speed of 43 miles per hour on a level, with the atmospheric system, 
the piston carriage being in front ? 

Mr. Harding replied, after making the calculation, that the 
resistance to such a train would be, according to Mr. Scott RusselKs 
formula, 2,300^' lbs., or 23 lbs. per ton. 

Mr. Samuda said, he had carried a train weighing 100 tons, at a 
velocity of 43 miles per hour, with a vacuum of 20 inches, at a 
resistance of 1*7 lbs. per ton, under conditions not very favourable to 
the train ; as, if the line had been longer, the speed would have still 
augmented, for, at the end of the fourth mile, the mercury in the 
barometer indicated 20*5 inches. The train was then travelling 
towards Forest Hill. 

Mr. Harding reminded Mr. Samuda, that in approaching Forest 
Hill, there was a descending gradient which reduced the resistance 
3' 3 lbs. per ton. 

iir. Samuda resumed, and stated that the results of many of the 
experiments should be modified by the circumstances under which 
tney were made, for it had been generally remarked, especially on 
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railways like the Great Western, where considerable speed was 
attained, that a period of at least 12 or 15 minutes elapsed before 
the regular speed was arrived at, and during all that period there was 
a constant acceleration of velocity, which would have misled any 
experimenter. He did not either coincide with the method of 
trying the experiment upon trains, when descending inclined planes. 
He had made some experiments which led to very different practical 
results, and they had been tried upon an inclined plane of sufficient 
length to have allowed of an uniform velocity being attained. He 
found, that when the loaded carriages were at the latter part of 
the train, and the lighter carriages in front, a less speed was attained 
when descending an incline by their own gravity ; and there was 
more resistance, the hindermost carriages appearing to jostle those in 
front, and to throw the flanches against the rails, causing a large 
amount of lateral friction ; but when the heavy carriages were placed 
in front, the train acquired a greater velocity, and travelled much 
more steadily. These circumstances had doubtless been observed by 
others, and he only mentioned them in order to show, that unless all 
proper precautions were taken to secure fair trials, erroneous deduc- 
tions might be drawn from apparently well conducted experiments. 
The difference of results obtained by him on an incline of 1 in 100, 
allowing the trains to start at the top, from a state of rest, and descend 
by their own gravity, was 29 miles per hour in the former case, and 
31 miles per hour under the latter conditions. 

In some experiments, upon a train weighing 80 tons, at a velocity 
of 50 miles per hour, he found the resistance to be about 23 lbs. 
per ton. These experiments were, however, made under . somewhat 
disadvfintageous circumstances, and he could not entirely rely upon 
the results. 

Mr. Harding said, he had adduced the third method, as he had 
distinctly stated in his paper, not as a means for accurately measur- 
ing the resistance, but chiefly as a check on the other modes adopted. 
He was well aware, that although it was easy to airive at the amount 
of pressure in the boiler, what was going on in the cylinder was 
much less evident; however, quite enough was known to inducie 
doubts in his mind, as to the correctness of the results arrived at 
with the indicator, by Mr. D. Gooch, and he was of opinion that in 
the experiments in question the error had arisen, from all the cir- 
cumstances attending the experimeiit pot having been taken into 
consideration. . . 

Sir John Rennijp, President, ?aid, as it might assist meinbQp m 
the discussion, the Secretary should read some extracts froni a letter 
received from Mr. D. Gooch, epabpdying soipe observation^ which be 
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intended to have made,, had he been ahU to b^^f^ ^ttfadte^-i^e 
meeting. ,., . .^ , .r. ^. •,.;> 

The following extracts from a letter, dated Jane Oth^- 1846^ fcnre 
then read: — . ^ :^- ■.:;,. d:.: 

^' As the discusaion on the resistance of trains on railways, is to be 
renewed at the meeting of the Institution to-nighti* I regret I am 
unable to attend, for the purpose of explaining an error Mr. Harding 
has fallen into, in stating it is my opinion, that at 60 miles per hour 
the resistance on a train is 18 lb?, per ton. It is true that to^ii ttble 
I made for the purpose of showing the comparative power of aev^vtl 
engines, I there made use of 18 lbs. as the resistance por Um^ at 60 
miles per hour, measured from an indicator card, taken fnmi on«t <tf 
the Great Western engines. This experiment, however, as. I explained 
to the Gauge Commissioners, was not made for the purpose of aaoev^ 
taiuing such resistance ; but at the time was the best result I eouU 
obtain, and which under similar circumstances, is not very £ur froid 
the correct amount, and as above stated, for the purpose I used it ; it 
mattered not whether I took 18 lbs. or 30 lbs., as the resiatanee itt 
each case. As a comparison between the power of the engines, the 
result will still remain the same, and this was all the table was in- 
tended to show. It is therefore not my opinion that 18 Ibt. is the 
exact resistance of a passenger train, at 60 miles per hour,.aQd I have 
never so stated it. I however think Mr. Harding's figures, as I 
recollect them, give amounts at least one-third more than the resist*- 
ance experienced on the broad gauge. I beg to enclose yon a table 
of experiments made by the Gauge Commissioners, and the Kesoits of 
which Mr. Harding referred to as supporting his views. 

*' You will find I have here calculated the resistance fiNuatiie com*^ 
sumption of water, and I have given all the data necesaary^te cheeks 
ing the results. The loss from back pressure on the piston of the 
* Ixion,' when working at 50 miles per hour, is about 8 lbs. per square 
inch ; and at 60 miles per hour, about 10 lbs. I do not leedlect the 
figure given by Mr. Harding as the resistance of the third broad 
gaaf^ experiments ; but he ought to have explained, that, in that 
ease the water was no measure of the power, particularly in the down 
joucaey; aa he was aware that the engine slipped so badly for up^ 
vuds q6 12.imles during the trip, that her consumption of water waa 
leery nucli beyond what it otherwise would have been, and tliat from 
amaU ram filing, the nils, engines and carriages, were in such a 
dMrt}iati|(te«aa'k)sivenomeamire of the resistance on a iavourtbl^ 
da^i. These facta oaght in fairness to have been stated'^ Mv. 
lia&di«9» Xbi^fiait and aecond experimenta were made wkh a strong 
ajdto waidJikMriBg. Thqr all therefine show » reMtanoe^ maeh 
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grefier tlM^ #ddd exise, if t6e day wiuiealm^ialid h(Hr,a^Wth^''d)eiy 
that ISlbt. was taken as the result. The figures, as given in the (abt^, 
my be tttkerias M*^ : tSiat during bad lv«EuMsr the r6»i9titne^\>f a 
passenger train, including the weight and friction of the engitWf; ^W*^ 
■■■•I.- ■ - ■'. Miles. • .-IbRt- ;. .'^ :?• *' 

.._... At ?UDL«TjBnige speed of 62*3 27*4 , p#r toik : >, . y^ = . 

»» » 52*3 29* 7 |, 

■^' -'■■^'' •" ■„ „ 57-5 2f6-i'- "v;^' ^';';" ' '"'' 

*^ Within ^ Itst ten days I have made two exjierimehf^, "with* ati 
eitghle ii^th 18 inch cylinders, 24 inch stroke, and 8 feet wheelii ' 

••A gfosv k>ad of 184 tons, including the engine, was taken at ati 
avonge ajpeed of 55 miles per hour, with an evaporation of water 
equal t6 5*2 eube feet per mile, down a gradient averaging 4 feet per 
mAmi 1^ steam being cut off at ^th of the stroke. The power 
exerted In this case, including the gravity, was 24*8 lbs. per ton. 
Several of ^e carriages had hot axle-boxes. 

** Ob' a seemid experiment with the same engine, cutting off as 
befierre, at -Hth, a gross load of 94 tons was carried at a speed of 67 
miles per hour, with a consumption of water equal to 4*5 cube feet 
per mile, or a resistance of 34 lbs. per ton ; deducting 2 lbs. per 
ton for gravity, as it was on an ascending gradient. 

*^ As i am making preparations for a series of experiments on this 
matter on a large scale, I offer no opinion on these facts, and shall be 
ghid if they are of any use in the discussion on the subject.'' 

Mr. BiDDfiR remarked upon the letter, that it had certainly been 
the geaeral opinion, that the amount of resistance of a train at 60 
miles per hour, had been stated at 18 lbs* per ton, withbtrt the 
qoftlifying etrcomstances now brought forward. He begged to state 
that he differed from Mr. Qooch in thinking that the weather^ on the 
17th December, when the third broad-gauge experiment whichvfit 
quoted by Mr. Harding was made, was such as to afl^ct the aHHmtit 
of resistance ; he was present and considered the day a very ftrtouriible 
one for this purpose. ■"-' 

Mr. Harding stated, in reference to the letter of Mr. B^ Oo ee h ir 
whom he regretted was not present, that he would read 4a» \i0mdmg 
of Mr. p. Gooch's table, laid before the Gauge Ge>mtniBriBaM% 
which induced him to take it for granted, that Mr.^^takA d6i4mli 
the resifltanoes to ordinary passenger trains, at 60 n^lepimf boir^ti' 
be 18 Ibii per ton. The heading was as fbUowvr--^TaM0«li»iriii[^ 
the dimeosions and power by experiment of ihepaatuugMPU'ilgllwyWii' 
the foUe^ing lailways, with their cdciilatod power.'* >^ ikrilit abfV* 
teUe tiie cekulated pewera of the eng^mes MretekM'ftllit a ^ iii i# 
90 mile»«it hem^ aDdthe-preaaim of the etilam irviMMd^^lMMb Air 

Q 
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evaporative power ^ the boiler, assuming each square iiKit(;«E firtf^box 
surface to evaporate two cubic feet of water, which is tbe' quantity 
shown by the experiments. The resistance per ton of load at that 
speed is taken at 18 lbs., which is the result of the experiment shown 
by indicator card, No. 4. No. 1 is the only exceptron to this, which 
is taken at a speed of 65 miles per hour, and the resistances at 20 lbs. 
to the ton.'* These are the words from which he, Mr. Harding, cer- 
tainly had concluded that Mr. Gooch did consider the resistances to a 
passenger train to be experimentally 18 lbs. per ton at 60 miles f)er 
hour. 

With great respect for Mr. D. Gooch, he must also demur to«the 
statement, that it mattered not, as far as the purpose of the table in 
question was concerned, whether the resistance per ton was taken at 
18 lbs. or 30 lbs. per ton. It must make a difference in all calctila- 
tions respecting the power of engines ; in the present instance it did 
make a material difference. The result arrived at in the table ibr 
taking the resistances at 18 lbs. per ton was, that a certain engine 
(which happened to be a narrow gauge engine) could take 1 ton at 60 
miles per hour, while another engine (which happened to be a broad 
gauge engine) could take 120 tons at 60 miles per hour, a result which 
Mr. Harding disputed at the time as being entirely fallacious. As 
Mr. Gooch was absent, he would merely remark, that if one of the 
principal elements on which the table in question was based, namely, 
the resistances being 18 lbs. per ton at 60 miles, was withdrawn by 
Mr. Gooch as incorrect, the table at any rate fell to the ground, and 
the results it exhibits must be regarded as admittedly erroneous. 

He had selected the experiment on the broad gauge, made under 
the sanction of the Commissioners, of the 17 th December, 1845, solely 
because it was much the calmest day on which any of the experi- 
ments had been made, and a day, he believed^ on which the resistances 
under favourable circumstances might be measured. 

Mr. R. Stephenson said, he should regard with doubt, any results 

arrived at merely from a comparison of the powers of boilers, assumed 

from the relative areas of their fire-boxes. The evaporating power 

depended rather upon the superficial area of the tubes, and upon this 

' consideration the long boilers have been introduced ; indeed he did 

not think, that the proper length for evaporation had yet been arrived 

«it, and it was evident how much more improvement was required, 

when in the short boiler locomotives, the temperature of the air 

'escaping at the chimney, after passing through the tubes, would melt 

' Wd (600°) attd even, at times, would sublime zinc (130°). By the 

ittiprovcments iilready effected, one superficial foot of fire-box was now 

doing as much duty as two feet did with short tubes? 
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' As regavded tlie leaiftaiiee of tnint lad the ■ciinil #f : 
tke amount, fae conadered tbe quantity of mtcr craponUei, ihonVI 
only be oonsidered as a meana of eOTroboialuig Ibe leaiiita otbcnnae 
arrived at ; it must be clear, as an absobite measure oi riMisfinrr it 
tiras liable to error. For instance, a boiler capable of eiapontiBf 
very fredy, migbt be attached to an engine vfaidi, either ham iU 
original defective construction, or being out of order, would vse the 
steam wastefnlly ; or again, when travelling up an incline, a mucb 
higher pressure of steam might be used, than upcm a level or in de- 
scending an incline, and in the latter cases the steam wmild be osed 
more ei^pansively, and the amount of resistance deduced from the 
quantity of water evaporated would be incorrectly valued. 

With respect to the experiments on resistance instituted by the 
British Association, Mr. Stephenson had examined the results ob- 
tained, very minutely, and had compared them with his own and 
other experiments, and he was bound to state his great reliance upon 
their correctness, indeed, he thought that none exceeded them ; on 
that account he had used them with the utmost confidence in his ex- 
amination of the Atmospheric system. 

For practical purposes it wss essential to ascertain, not the resist* 
ance of five or six carriages, but that oi long trains under all cir- 
cumstances, and in the examination and in the statement of the 
results, all these circumstances should be given minutely, or else it 
would be impossible to arrive at correct deducticms. Take, far in* 
stance, the case of a strong wind blowing directly against tbe front of 
the leading carriage, and the engine ; the frontage resistance would 
be easily appreciable from the measure of the area of frontage ; but 
suppose the case of a long train and a side wiud ; the resistance 
would be materially varied whether such a train was crossing an ex- 
posed plain, or an elevated embankment, or was i^dtered in a deep 
cutting. He had noticed cases of trains of ten or twelve carriages, 
on the London and Birmingham railway, which could only travel under 
these circumstances at a speed of about 20 miles per hour, on an 
embankment, increase their velocity to 35 miles per hour, as soon m 
they entered a cutting. It was evident, that the experimenters for tb€ 
British Association were aware of this, as they endeavoured to make 
all their trials on calm days, or with little wind right a-faead« 

Mr. Ren NIB, in reply to questions from the President stated, ihMt 
as far as his recollection served, the experimente of ihB committ^ 
named by the British Association, had first for object to ascer^iil 
whether inclined planes made much difference. They ncp»Mnfliy 
ran trains weighing 80 tons backwards and fiMwards along ^h^ U^- 
and the result was, that whether travelling up or down incl^pea, or <ni 

o2 
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a level, the consumption of fuel and water was much the ean^ ,iP^^ 
gradients varied, he believed, between 1 in 96 and L in 180. Secoi^ly, 
trains were permitted to descend inclined planes bj thw pwn gravity, 
and it was observed, that at about 26 miles per hour, the'^y^elocity 
became uniform. The general results were however very cbmjplicat^a 
and were difficult to analyse. It appeared, that the front' siirface 
was not of the greatest importance in causing retardation, and that 
the shape of the front of the carriage did not make any material 
difference. ' . , ^ 

Mr. R. Stephenson said it was clear, that if the engine had been 
used as a dynamometer, in the cases just quoted by Mr. Rennie, an 
erroneous result must have been arrived at, as it was evident the re- 
sistance must have been greater in ascending than in descending tlie, 
inclines. The resistance must have differed, although the consump-^ 
tion of fuel remained the same. 

He thought no better method could have been devised, than that ot 
allowing the trains to descend by their own gravity and observing 
when the velocity became uniform. 

The results obtained from the experiments on the Atmospheric 
railway were not so satisfactory, in his opinion, as other elements 
entered into the consideration, and erroneous conclusions had been 
drawn. 

Mr. Harding reiterated his explanation of the diagrams exhibited* 
The first sixteen experiments were those of the British Association, 
and of these it was necessary to know all the attendant circumstances, 
in order to be convinced of their accuracy, for as Mr. Samiida had 
stated, material changes might be effected by the different positions 
in which the heaviest carriages had been placed during the experi- 
ments and in other ways. He (Mr. Harding) had carefully selected 
all the expieriments made during calm days, and in which uniform 
velocities had been attained by retardation from higher, rather than .. 
by acceleration from lower speeds, as the safest results were thys 
arrived at. In these experiments a speed of 37 miles per hour wa^, 
reached." In those tried by him on the broad gauge, 45 miles per. 
hbiir was 'aitSijVed^ and when he required to go as far as 61 miles 
piir'tTour^^^ne^ iiras 'obliged to have recourse to the Atnioipheric syeT 
tern.'' In'tnesehighvelocities the discrepancy between liisreBultB and 
those of Mr. D- Gooch became more evident, as he showed at l^ast 
t\vice the resistance Mr. D. Gooch contended for. He thought^, 
however^ the results diown were entitled to credit, as iher^ was 
gteat uniformity in them j they appeared to demonstrate, thai there 
was a rapid aujmei^tation. of resistance in proportion to the incre^ 
of vebcitVi ' , . . ■ ' n 
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Mr. tiiDDER said, he believed the process, by whicbi some of the 
results commented upon, had been obtained, was, by taking an 
engine, the boiler of which had from 98 feet to 100 feet of evaporat- 
ing surface, multiplying that by 2, which gave 200 feet. Then 
assuming the largest fire-box of the long boiler engine to have 
an evaporating power of 100, and that it could convey a gross 
load of 50 tons, at a velocity of 60 miles per hour, and deducting 
from the gross load the weight of the engine and tender, the remainder 
showed the amount of useful load conveyed. Then in comparing the 
case of the * Ixion,' which evaporated 2 cubic feet of water per super- 
ficial foot of area of the fire-box ; it was found, that in a long boiler 
engine 3 cubic feet of water were evaporated per superficial foot of 
fire-box ; taking that alone into consideration and omitting the sur- 
face of the tubes, which however was the true standard of power. 
Then as to resistance, it had been shown, that a gross load of 430 tons 
could be conveyed over 1 mile, at a speed of 30 miles per hour, by 
an expenditure of 7 cubic feet of water ; whilst to convey a gross load 
of 80 tons, at a velocity of 50 miles per hour, 4 cubic feet of water 
were required. Hence five times the load only required about twice 
the quantity of water in the shape of steam ; the dijfference of speed 
being only -f-ths. In these trials the dimensions of the fire-boxes and 
the length of the tubes, were identical in both engines ; the only 
difference being that in the high speed, the wheels were not coupled, 
whilst in the other case they were coupled ; but this difference was 
more than met, by the fact of the steam being at a higher pressure in 
the boiler and being cut off at a portion of the stroke in the one 
engine, whilst it was not cut off in the other. In his opinion, the test 
of the consumption of water as steam, for a dynamometer, was very 
liable to disturbing causes, and to lead to erroneous conclusions. . 

The experiments upon the Atmospheric system were much more 
likely to set the question at rest ; and in examining the results already 
obtained, it must be remarked, that the resistances observed at 
Dalkey should have an allowance made, on account of the peculiar 
locality of that railway, the trains travelling through' numerous 
bridges and in a confined space between high wafls^ wtiere other' 
elements than that of simple resistance of the air, might }iay^ come, 
into play and have disturbed the results. . / » 

Mr. Scott Russell drew Mr. Stephenspn^s particular ^attfii-' 
tion to the classification of resistances assumed in the fbmma, im 
wished to, have his' views as to the constitution of f he i^ainaer. 
which Mr. Russell had endeavoured to s^w was ^ in 'great pa^ 
accounted for, by the power absorbed in what h&i oeeh termed cpn^ 
cussion. His observations induced a belief, that in the rapm transit 
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of a train, a wave of motion was communicated to the compki^atively 
inelastic earth, and a proportionate expenditure of power occurted. 
This element of resistance increased simply as the velocity, and not 
as the square. To this sliould also be added ell that resistance 
causing noise, a vibration of the rails, motion or vibration of the parts 
of the engine and carriages, wear and tear, and flexure of light rails 
and insecure fastenings. It would therefore be evident, how very 
essential it became, in attaining high velocities, to avoid flexure, by 
having stiff heavy rails, and having the chairs and sleepers of pro- 
portionate dimensions, securely attached to each other, and firmly 
embedded in the ballast. These were practical points, but they 
involved some of the principal considerations of the theory of railway 
resistances. 

Mr. R. Stephenson had frequently discussed this point with Mr. 
Scott Russell, and he confessed, that some months ago he had 
differed wilh him as to the amount of resistance arising from the 
concussions of the impinging of the wheels against the rails and 
from the motion of the carriages, from flexure of the rails, and even 
from the movements of the passengers on their seats. He now 
thought it was evident, that whatever created motion must absorb 
some power, but he was not prepared for the statement of Mr. Scott 
Russell, that this amounted to one-third of the velocity in lbs. per 
ton. He should, however, say, that within the last few months, on 
consideration of the subject, he had become, to some extent, a convert 
to his views. He now was satisfied that there was greater loss from 
these causes than had been hitherto admitted ; but he was pet un- 
certain to what extent that resistance applied in retarding trains. 
The lateral motion of the train in a side wind or by vibration, must 
absorb great power, and even the apparently smooth motion of the 
wheels upon the rails produced a loss, which formed a portion of the 
remainder sought. 

Mr. HoMEBSHAM Suggested, whether in the case of a side wind 
acting upon a long train of carriages, considerable absorption of 
power might not arise from the conical form of the tire of the 
wheels, which being keyed fast upon the axles, must necessarily 
revolve simultaneously, although the smaller diameter was bearing 
upon one rail, and the larger diameter on the other side. 

Mr. F. BraithwaItb referred to the statement of the simple 
resistance offered by the air to the bulk of the engine and train 
pILSsing through it^ In the recorded experiments upon the resistance 
to bodies passing through fluids, it was found, in the case of a boat 
travelling along a canal, that the speed was reduced in prD|>6rtion to 
the decreased width of the water way, and that the ' resistance 
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iaprewe^^^j^^ropQrtion to the friction of the waiter against the sides 
w4l>ottpb^,0f the channel. Was it not prohable, that the fearne action 
iniiuenqedi ^QfiQme extent^ the results obtained in experiments on the 
r^^Btan^e to bodies moving through air, which was only a fluid of 
jess. density than water? It appeared there was a considerable 
liiffi^re^Cf ux the conclusions of Mr. Harding, and Mr. Samuda, as 
,t9, the. allowance for the resistance offered by the front area of the 
jp^rriag^t tand the lateral area of surface of the train. Now, it Had 
][)e«p, stated in evidence, by Mr. Bury, that in a heavy gale of wind 
a<cting upon the side of a long train, it became necessary to employ 
^evcn locomotive engines, on account of the friction of the flanches 
of the wheels against the rails. Mr. Braithwaite was of opinioUj 
the whole question fesolved itself into the amount of resistance 
offered by the superficial area presented by the train, imder circum- 
stances which were of so varying a nature, and combined so many 
dements, that it would be very difficult to lay down any formula 
sufficiently comprehensive to meet all cases. 

Mr. Samuda thought the third method, of measuring resistance 
by the quantity of water evaporated in a locomotive engine under 
known circumstances, as used by Mr. Harding, was liable to mislead 
observers, and, indeed, the assumed state of things, appeared to be 
doubted by some, and disputed by others, it would, therefore, be 
safer to rely more upon the two first methods of test. 

He then alluded to the method of obtaining the results quoted in 
Mr* Grooch's letter, the particulars of which he corroborated, and 
stated that, under identical circumstances, a resistance of IB lbs. per 
ton had been shown, as had been quoted by Mr. Gooch to the 
Gauge Commissioners, for the sake of aigument, and adopted as an 
arbitrary datum, when urging another position entirely foreign to the 
question of resistance. 

Now, the difference in the results arrived at by Mr. Harding, lis 
compared with those given by Mr. Samuda, amounted to nearly 100 
per cent It was necessary, therefore, for the sake of the elucidation 
fti the truth, to ascertain where the discrepancy existed, and with all 
deference to the great authorities on locomotives, he must tecofcflilB 
tlissent from the results as to the measurement of resistance hiihyfto 
obtained from them. ' • " t) / > 

The same might almost be said with respect to the'p^iie^^s 
Adopted by the committee of the British Association. In lii^ expe- 
riments on the New Cross incline he found, that with the' sinib trifii, 
and on the same morning, without any change of wealtb^tbi^ olft^t'^ldM- 
tui;bing pause, he Bucceeded in obtttining a differen(S6 df Wj^^tkiii.^ 
by merely id^ring the position of the weighted carriageeiiii^Si^'MiJu 



68 RESISTANCES TO RAILWAY TRAINS. 

He thought the atthbspheric railway offered the bM opportunity 
of arriving at coniect results, but it was difficult to arrive 'at thenit 
inasmuch as a considerable distance Was rec^ired at such high 
speeds for arriving at an uniform velocity, as there Wfts a constantly 
accumulating speed for a longer period than was permitted' l»y the 
distance between the stations. It was, therefore, difficult' tci draw 
any correct deductions from the results already obtainied. He was, 
however, convinced, that a less amount of power was esrelrted than 
Mr. Harding had supposed, and he was confident, that updn a 
longer length of railway, where the atmospheric system could bte 
correctly tested, very much more advantageous results would be 
arrived at. 

Mr. Samuda proceeded to examine Experiment XXHI; of Mr. 
Harding's paper, and observed, that although the number of carriages 
and the generjil particulars were given correctly, the assumed weight 
of the train was wrong; instead of 21*5 tons, as given in the table, 
it should have been 23 tons, as the carriages, with passengers, weighed 
on an average, 4 tons each, and the piston and heater carriageis 
weighed together 12 tons. This discrepancy, however, did not cause 
any error sufficiently important to disturb the general result. He 
had constructed a diagram representing the gradients, taken opposite 
the several posts, -^th of a mile apart, along the atmospheric line 
between the Dartmouth Arms and Croydon. They were, with some 
slight corrections, taken from Mr. Harding's paper ; and upon the 
same diagram, by another line representing the speed of the train at 
the same points, it was shown, that the maximum velocity was not 
balanced by the pressure at the point calculated upon in the paper. 
Mr. Samuda was of opinion, from a careful examination of the 
diagram, with the figures of the experiment No. 23, it would be 
shown, that if the retardation occasioned by ascending one side of 
the steep viaduct, and the acceleration consequent on descending the 
other side, had been taken into account, different results would have 
beeti arrived at. His conclusions were, that 25 lbs. per ton, was the 
utitabfct resistaiiec shown by that experiment. Other experiments, 
inwde tipon trains running in the opposite direction, confirmed these 
viWii a^'ih Hhitse latter cases, the resistance at 60 miles per hour 
T^^i'^22 Ibs^ -per ton. 

"^M*^.'>HAki^^(j^ had quoted the steam used in the locomotive as a 
^e«3ftii^'6r¥^iisttinde, because it was an interesting problem, well 
d^ie^viijg^ihl^'ttttention of the Institution, and also because it had 
I^A* IrtiittdV^lriit fey Mr. Gooch's indicator experiments, thift resist- 
i^dfe'idf *6ttly'f8nfe8. pier ton had beeti arrived at, at 60 fliildi pcf 
h6\ifV^'^i((^Hh ^hfe experiments made by him in eonjunefidn trith 
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Mr. Goac|?fln^^r^)fnown con4ili(Mis» agreed upop between them, by 
applying..t1)Q;te^t,inr^eatiou, and deducting arbitrarily, as much as 
!^. per c^pt. ^r ^cws of power, double that Amount of resistance was 
shown ; ,b^ ..tJwjBfqire was warranted in arguipg as he had done, and 
doubting, J^r^ QpQch's former indicator experiment ; because if the 
opposite- viqwA' were entertained, a deduction of 60 per cent, must be 
made from %\y^ theoretical power of the locomotive. It appeared, 
hKfVjftyQU ftf^ Mr. Gooch's letter, that 18 lbs. per ton was only an 
assumed i^esistauce, therefore it was useless to reason upon it, and 
he. shof^ld not have done so, but for the heading of the table at page 
1^3 pf th^ Minutes of Evidence before the Gauge Commission and 
the fact that much of Mr. D. Gooch's evidence was based on the 
resfitlts of jthat table. 

. .In the recent experiments on the Great Western line by Mr. D. 
Goqch-,in the letter read this evening, it would appear, that the resist- 
ance at 55 miles per hour was 24*8 lbs. per ton, anc^ at 67 miles 
per hour was 3^ lbs. per ton, which results approximated to those 
contended for by him (Mr. Harding), and totally differed from the 
former amount of resistance understood to be contended for by Mr. 
D. Gooch. 

He then contended, that by analyzing the groups of experiment 
No. 23, the resistance was shown, and might be fairly considered to 
be not lees than between 40 lbs. to 50 lbs. per ton, an uniform velocity 
being arrived at. The measurement of the resistance was effected with 
greater facility on the atmospheric railway, than on a locomotive line, 
and there could not be any doubt, he thought, that the former system 
was the best known dynamometer for the purpose ; for by observing the 
degree of exhaustion in front of the piston, shown by the barometer, 
supposing the air behind it to be at the atmospheric pressure, und^ 
allowing 100 lbs. for the friction of the piston itself, a very accurate 
estimate of the resistance for propelling a given weight must be 
arrived at. - -, 

, Mr* Bidder thought the greatest difficulty arose from discrepan* 
cies a^ to matters of fact in the observations, which might bejp^rjbaps 
attributed to want of uniformity of system in maUng^tJiijE^n^,. jlt>lia4 
been stated,, that the ' Jxion' locomotive had prQpell^;a ^^^ain v^eigh- 
ing 100 tons, with a consumption of water which ifldic^fedft resist- 
^C9 of IS, lbs. per ton. Now he must accord qoffnj^l^y fsfith, the 
hesitation expressed by other members, in receiy^^git^t^^pfi^hod ^ 
testing tber^^stance from the quantity of'wa^rv,^?/»p(^^ii,ifriB- 
volyed si^yeri^ld^lUties and was somijc^d u^yt^ih ^iCo^if^tLiion 
QC,.tl^.,]^i^,wJl^ere the steaq^ was^ jCut <>^,.^d,pt}>ep,fn><oi^^ due to 
^Pk *?W»fi^s*C^ thM ^P TTft^ iufjiiiwir tO^^xej^ jthe>yi^ence in 
that case, as quite inapplicable. 
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The load was stated to have weighed 80 tons ; oh the journey to 
Didcott although it was alleged there was a strong adverse side wind 
in one direction, but favourable on the return, the difference of eleva- 
tion being 360 feet, and the difference of time between the journeys 
being only 4 minutes, which was equivalent at the rate maintained 
to 3i miles; then 18 lbs. per ton would be equal to 150 feet only, 
yet there was an elevation of 360 feet to be accounted for, and a dis- 
crepancy must exist somewhere, he must therefore contend, that 
many of the facts were left undetermined, and upon them no reason- 
ing could be based unless the premises were agreed. As to the expe- 
riments on the atmospheric system, he did not hesitate to state, there 
could be no better occasion than the present, for setting the question 
at rest, as that system offered the best means for testing the resistance 
to all kinds of traction. He had the returns of some experiments 
made for Mr. Brunei, and he found, that with a load of six carriages, 
reckoning 12 tons for the piston carriage, making in all 25 tons, 
with a pressure of 20 inches, on starting from Croydon, the maximum 
velocity was 45 miles per hour ; and from that point, the pressure 
began to decline to 16 4 inches. That indicated, at 40 miles per 
hour, a resistance of 60 lbs., a result entirely differing from the others 
which had been quoted. The question of acceleration and of the 
power consumed and given out, admitted of the most rigid investiga- 
tion. Mr. Harding had stated, that on the day he made a series of 
experiments, the vacuum was maintained with much uniformity, but 
there might be a side wind occasioning a resistance of 45 lbs. to 
50 Ibs.^ and other circumstances, which would interfere with these 
deductions. Now if these experiments were examined, they might 
indicate a more favourable result, as it was just possible that a side 
wind might have affected the trains, yet a resistance of 40 lbs. to 
45 lbs. per ton, was indicated at a velocity of 45 miles per hour. 
In all such experiments, the evidence required to be most accurate, 
and the amount of all the circumstances which might have arisen, 
should be given, or else the statements became useless, and practical 
differences must be stated in order to correct theoretical deductions. 

Mr. R. StbphbKson agreed in the opinion of the want of accurate 
records of all the circumstances, under which the experiments on re* 
sistaAce to traction had been made, and without questioning the good 
iaith of the records of the experiments, he might be permitted to 
doubt, whether all the attendant circumstances and conditions had 
b^ien noticed^ He was also of opinion, that the atmospheric system 
afforded a good practical mode of testing dynamometrically the 
a^iaunt of roaistance, and he was so convinced of the importance of 
atlii^mpting to set the question at rest, ^at he would suggest to the 
^"'fititution to make a requisition to the Council relativer to the ad- 
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yantage Of applying to the Croydon and Epsom Katlway Oomp&ny 
for permission to make a series of experiments on the atmospheric 
railway, for the purpose of ascertaining the amount of resistance to 
trains of carriages on railways at different veloeities. Iii mkking 
this suggestion he would have it distinctly understood, that he had 
no intention of ^entering upon the comparative value of the atmo- 
spheric and locomotive systems of traction^ or the commercial valiie of 
the two plans-; hut would restrict the investigation rigidly to testing 
the aml)unt of resistance of trains of different weights at Tarious 
velocities, ^hich the system was capahle of showing so accurately, hy 
merely recording the height of the barometer, the weight of the train 
and the uniform velocity attained, with the necessary allowance for 
the fHction of the piston in the tube. If the funds of the Institution 
were not legally applicable for the purpose, and a subscription opened 
among the members was not adequately responded to, Mr. Stephen- 
son would be ready to expend any reasonable sum to attain results so 
desirable for the scientific world generally ; but more especially for 
Civil Engineers, and he thought it would be more fittingly done 
through the instrumentality of the Institution, than by any other means. 

The length of 5 miles of pipe now completed and at work on the 
Epson line, was eminently adapted for the experiments, and the ob- 
jection would be annulled, which had been raised as to the inaccuracy 
of the experiments on the Dalkey line, arising from the shortness of 
the line and the consequent difficulty of arriving at an uniform 
velocity. He admitted that a small error might have occurred in 
those experiments, in consequence of that circumstance, but the 
length of the Epsom line was sufficient to arrive at the most accurate 
results, and he trusted every exertion would be used to obtain the 
requisite permission. 

Mr. F. Braithwaite hoped that Mr. Samuda would give every 
assistance, both in using his influence with the Company, to grant 
the permission for trying the experiments and affording his aid in 
their ultimate prosecution. 

Mr* SAiftTDA replied, that he should be happy to give every aifslet* 
ance in his power, but as the matter was entirely in the hands of the 
Company, be thought it would be better for him to stand aloof ftrem 
participating, even in the request for the permission to ti^y the'fsxpiti^ 
ments; but, as far as he was concerned, whether the C6mpdtt4 
granted the permission or not, he would recommend that ^Vfery 
facility ibr observation, and all information should be giv^, 'thai 
might be required for the purposes of the Institution. »» - '^- it' 

Mr; HAlnnsSLET said, that since he had presenCttd tO'tHe Ini^tiC^^ 
tioki thd^mfila relative to the friction of flcndB in' tv c * 

s^OM^ had-' o^ttfrbd Wh^ch induced him to pay at 
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resistances to trains passing through the atmosphere. In the course 
of these investigations he had occasion to refer to the experiments of 
the British Association, and found that his formula corresponded 
completely with those experiments. Mr. Hawksley then referred to 
his formula, and stated that if 

L were made to represent the length of the train in yards, 
D „ ,9 the diameter of the train in inches, 

V being the velocity of the train in yards per second ; 
then H would represent the height in inches, of a column of water 
pressing against the head of the train, the weight of which would be 
in equilibrio with the resistance arising from the friction of the 
atmosphere ; to this must be added the frontage resistance, which 
might be taken from Rouse's tables, and the resistance of the wheels 
and axles. From this must be deducted the value of the diminished' 
resistance, arising from the two circumstances, first, that the air had 
not to be gathered into the mouth of the tube, as ia the case of air 
moving withinside a pipe ; and, secondly, that less resistance existed 
in air moving freely outside a pipe, than when it was moving within 
it, subject to the friction against its internal periphery. He had just 
made a rough calculation, and assumed that the weight of a train 
might be taken at one ton per yard of its length ; to such a train the 
resistance at 60 miles per hour would be 5000 lbs., presuming the 
train weighed 100 tons, and extended 100 yards. Then taking the 
resistance due to displacement at 1 3 tVjt ^^s. per ton, which must be 
added, as also 8 lbs. per ton for resistance from the wheels and axles, 
a total resistance of 12 lbs. per ton would be given. In this rough 
calculation, which was only given in illustration of a principle, the 
two cases of the value of the diminished resistance of the air were 
not taken into consideration, and therefore it must not be considered 
that 72 lbs. per ton was the actual resistance. He might have taken 
imperfect data, and he only made the calculation to show the appli- 
cability of the formula, and to demonstrate that a speed of 60 miles 
per hour cx)uld not be maintained without great expense. 

Mr. Crampton stated that, having tested the diagrams made on 
the Great Western Railway engines, three or four years ago, and 
havinj^ found^the quantity of water calculated from the diagram itself 
invariably 'i^ee with that measured as consumed, to within 5 to 8 
pev cent; lie was induced to try the diagram given in the Gauge 
R^fiofty and found that 212 feet of water would be required at 60 
milea per hottr^^whicji agreed with the evaporative power of the boiler, 
and^he eontuderrdl tlie diagram a good practical test of the tractive 
powevjoftb^ engine, when the indicator had been proved t6ht cor- 
rect. He had also made a diagram, taking practice for his guide, 
and found the broad gauge eiqpenmeDty as calculated by Mr. Harding, 
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did not agree with practice. Mr. Harding's result was 33 lbs. per 
ton traction, after deducting 20 per cent, for loss from the theoretical 
result. Mr. Harding did not appear to have taken into account the 
point of cutting off the steam, but had assumed the expansion to have 
commenced at the pressure noticed in the boiler and ended at 35 lbs. 
on the inch, giving a cylinder full of steam at 35 lbs. pressure, which 
was that due to the measured amount of water evaporated. Mr. 
Crampton's diagram was for the purpose of showing that the pres- 
sure in the boiler should not be taken for the pressure in the cylinder, 
as that was due to the quantity of steam in the cylinder at the por- 
tion of the stroke at which it was cut off, and that, taking these 
elements into account, with the other known losses, the water evapo- 
rated in the boiler would give 24 * 5 lbs. per ton traction, at 55 miles 
per hour, instead of 33 lbs. as stated by Mr. Harding ; and that, if 
the weight of the train was taken at 98 tons, instead of 93 tons, the 
weight of the engine and tender being supposed to exceed the stated 
weight by 5 tons, the tractive power would then be 23*3 lbs. per ton. 
It was very remarkable how closely the quantity of water coincided 
in this experiment with that contained in Mr. Gooch's diagram at 
60 miles per hour, it being 212 cubic feet in each instance. 

Mr. Bidder read a totally different result from the diagram ; he 
calculated that the quantity of water must be compared with the 
volume oif steam, estimated, in reference to the point in the cylinder, 
where it was cut off, and, miless this was done, it would be impossible 
to arrive at a correct result. Now, if the power derivable from the 
quantity of water converted into steam were advantageously applied, 
there would be an effective pressure of 76 lbs. instead of 56 lbs. 

Mr. Stephenson thought an error had been committed in assuming 
that steam, under these circumstances, was a permanently elastic 
fluid, and followed an unvarying law of expansion. Now, from, the 
moment of its being cut off, condensation commenced^ and th& tem* 
perature decreased ; a certain portion of the water, therefore^ ceased 
to exist in a state of steam. This property of steam had been very 
cleverly investigated by Dr. Lardner, in his paper read . before tibe 
Royal Society,* December 20, 1832. He contended^ "ihat .«tfean9i 
raided fropa water, under any pressure whatever, admit^d ^1 indefittite 
copipressiion and expansion, without returning tajthe liquid Btale^l 
Th^. efffect of its compression would be to evolve heal and raasejithe^; 
tepi^peiratiuce, that of its expansion, to absorb heat.BQdJQ]febithe7tenp»/t 
perature; but in every state of density it woyld |>0flses3t es^otdj^ ihtitfr, 
te^lperlll^re< which it would have were it inxmedialielQrlil^uied ifmw> 
wat«: uiid,er:,the^ pressure wlucb it, had acquired by. co9ifK^sjiiDmjioi>(i 



